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(54) Rotai^ drive device 

(57) A rotary drive device is configured to be re- 
duced in size while still delivering a prescribed torque. 
The rotary drive device (1) has a base part (4) with a 
vibrating body (2) and a rotating body (1 01) attached to 
the base part. The vibrating body has at least one pie- 
zoelectric element (22) and an abutting part (23). Spe- 
cifically, the rotating body has a contact part (1 01 A) that 
is positioned at a prescribed distance f ronn the rotational 
center and that is abutted against by the abutting part. 
When voltage is applied to the piezoelectric element, the 
vibrating body vibrates to repetitively press the abutting 
part against the contact part to rotate the rotating body. 
The vibrating body is positioned in a plane that inter- 
sects the rotational axis of the rotating body, and is dis- 
posed at least as close to the rotational axis of the ro- 
tating body as that of the contact part. 
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Description 

[0001] The present invention generally relates to a ro- 
tary drive device. More specifically, the present inven- 
tion relates to a rotary drive device provided with a vi- 
brating body having a piezoelectric element and a rotat- 
ing body that the vibrating body abuts against, wherein 
a voltage to the piezoelectric element causing the vibrat- 
ing body to vibrate and thereby rotating the rotating 
body. The present invention further relates to a device 
equipped with such a rotary drive device. 
[0002] Rotary drive devices that use a piezoelectric 
elennent are already known. For example, Japanese 
Laid-open Patent Publication No. 10-0B0164 discloses 
a rotary drive device that uses a piezoetectric element 
as described on pages 2 and 3 and illustrated in Figure 
1 of this publication. The rotary drive device of this pub- 
lication is provided with a base part, a vibrating body 
and a rotating body. The vibrating body is provided on 
the base part, and has a piezoelectric element. The ro- 
tating body is provided on the base part and abutted 
against by the vibrating body. The vibrating body is 
shaped like a circular disc and has an output shaft ar- 
ranged along its rotational axis. The vibrating body 
abuts against the outer clrcunnferential surface of the ro- 
tating body. 

[0003] With this kind of rotary drive device, the rotat- 
ing body can be rotated and drive power can be deliv- 
ered via the output shaft by applying a voltage to the 
piezoelectric element, which in turn causes the vibrating 
body to vibrate. It is difficult to reduce the size of such 
a rotary drive device beyond a predetermined limit. 
[0004] However, it has been discovered that since a 
vibrating body is provided on the outer circumference of 
the rotating body, the size of the rotary drive device is 
at least as large as the sum of the sizes of the rotating 
body and the vibrating body. Therefore, there is a limit 
to how small the device can be made when a prescribed 
drive torque is to be delivered. 

[0005] in view of the above, It will be apparent to those 
skilled in the art from this disclosure that there exists a 
need for an improved rotary drive device. This invention 
addresses this need in the art as well as other needs, 
which will become apparent to those skilled in the art 
from this disclosure. 

[0006] One object of the present invention is to pro- 
vide a rotary drive device that can be reduced in size 
while still delivering a prescribed torque and also to pro- 
vide a device equipped with such a rotary drive device. 
[0007] The rotary drive device and device equipped 
therewith of the present invention basically comprises a 
base part, a vibrating body, and a rotating body. The vi- 
brating body is coupled to the base part. The vibrating 
body includes a piezoelectric element and an abutting 
part. The rotating body is coupled to the base part to 
rotate about a rotational axis. The rotating body includes 
a contact part against which the abutting part abuts at 
a position located a prescribed distance from the rota- 
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tional axis. The rotating body is rotated by applying a 
voltage to the piezoelectric body to vibrate the vibrating 
body and thereby causing the abutting part to repetitive- 
ly press against the contact part. The vibrating body is 
5 positioned in a plane that intersects the rotational axis 
of the rotating body. The vibrating body is disposed at 
least as close to the rotational axis of the rotating body 
as that of the contact part. 

[0008] The rotary drive device of the present invention 

10 is assumed to be employed to deliver the same drive 
torque T1 as a conventional rotary drive device using a 
vibrating body having the same performance as that 
used in the conventional rotary device. Thus, the rotary 
force F is the same and the distance r1 , i.e., the size of 

IS the rotating body, is the same. 

[0009] In the present invention, the vibrating body is 
positioned in a plane that intersects the rotational axis 
of the rotating body, and is disposed at least as close to 
the rotational axis of the rotating body as that of the con- 

20 tact part. Therefore, it is not necessary to provide a 
space for installing the vibrating body on the outside of 
the rotating body, as is the case in conventional rotary 
drive devices, and the rotary drive device can be re- 
duced in size accordingly. In short, the rotary drive de- 

25 vice can be reduced in size while stilt delivering a pre- 
scribed drive torque. 

[0010] In general, piezoelectric elements is not al- 
ways durable against physical shock. By comprising the 
vibrating body so as to include a flat reinforcing plate 

30 and a piezoelectric element installed on the front and 
rear surfaces of the reinforcing plate and providing the 
abutting part on the reinforcing plate, impact forces and 
other excessive forces acting on the rotating body from 
the outside are prevented from being transmitted direct- 

35 ly to the piezoelectric element. Thus, the shock resist- 
ance of the rotary drive device can be Improved. 
[0011] In the present invention, it Is preferred that the 
abutting part of the vibrating body has a convex arc 
shaped free end as viewed in cross section , and the con- 

40 tact part of the rotating body has a concave arc shaped 
contact surtace as viewed in cross section with respect 
to the direction in which the abutting part abuts against 
the contact part. This aspect of the present invention 
makes it possible to secure the contact surface between 

45 the abutting part and the contact part when the angle at 
which the abutting part and contact part touch each oth- 
er changes due to movement of the rotational axis of the 
rotating body. As a result, the rotary drive device can be 
driven in a stable manner. 

so [0012] In the present invention, it is preferred that the 
vibrating body be plural in number and arranged at equal 
intervals along the contact part of the rotating body and 
that the abutting parts abut against the contact part from 
the rotational center. This aspect of the present inven- 

55 tion makes it possible for the abutting parts to press 
against the contact part of the rotating body from the 
rotational center with equal forces in a balanced man- 
ner. As a result, the rotational axis of the rotating body 
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is prevented from deviating off center and the rotary 
drive device can be driven in a stable manner. 
[001 3] Also, since the rotating bodies can be support- 
ed by the abutting parts, it is not necessary to support 
the rotating bodies with the rotary shaft and the space 
inside the rotating bodies can be utilized effectively. For 
example, when the rotating bodies are supported by the 
rotary shaft, it is necessary to an-ange parts in a manner 
that avoids the rotary shaft. However, with this invention, 
it is not necessary to anrange the vibrating bodies so as 
to avoid the rotary shaft. Consequently, the same vibrat- 
ing bodies can be used while making the rotating bodies 
smaller than in the case of rotating bodies that are sup- 
ported by the rotary shaft. Thus, the rotary drive device 
can be further reduced in size. 

[001 4] In the present invention, it is preferred that the 
vibrating body be plural in number and arranged at equal 
intervals along the contact part of the rotating body and 
that the abutting parts abut against the contact part in a 
direction generally parallel to the rotational axis. This as- 
pect of the present invention makes it possible for the 
abutting parts to press against the contact part of the 
rotating body in a direction generally parallel to the ro- 
tational axis with equal forces in a balanced manner. As 
a result, the rotational axis of the rotating bodies is pre- 
vented from deviating off center and the rotary drive de- 
vice can be driven in a stable manner. 
[0015] In the present invention, it is preferred that the 
vibrating bodies be driven by one drive signal. This as- 
pect of the present invention enables reducing manu- 
facturing costs and operating costs because the vibrat- 
ing bodies are driven by a single drive signal (e.g., a 
voltage applied by a single driving device that is con- 
nected to all of the vibrating bodies) and it is not neces- 
sary to provide a separate signal generating device (e. 
g., driving device) for each vibrating body. 
[0016] In the present invention, it is preferred that 
there be provided a pressing force applying member 
that presses the abutting part of the vibrating body 
against the contact part of the rotating body. This aspect 
of the present invention enables the abutting part to 
press reliably against the contact part and the rotating 
body to be reliably rotated. As a result, the rotary drive 
device can be driven in a stable manner. 
[0017] Also, when the rotating body is in a stopped 
state, unnecessary rotation of the rotating body can be 
suppressed when an external rotary force acts thereon 
because the abutting part touches against the contact 
part of the rotating body and acts as a stopper that re- 
sists rotation of the rotating body. 
[001 8] In the present invention, it is preferred that the 
vibrating body be supported by a support body that can 
move toward and retract away from the rotating body 
along a prescribed linear direction. This aspect of the 
present invention restricts the direction in which the sup- 
port body advances and retracts to a single linear direc- 
tion and thereby causes the abutting part of the vibrating 
body to always abut against the contact part of the ro- 



tating body at a prescribed angle. As a result, the rotary 
drive device can be driven in a stable manner even when 
it has been used for a long period of time and the vibrat- 
ing body has become somewhat worn. 
5 [0019] In the present invention, it is preferred that 
there is a pressing force adjusting member that adjusts 
the pressing force applied by the pressing force applying 
member. 

[0020] Conventionally, when a body is driven by the 
10 vibration of a vibrating body equipped with a piezoelec- 
tric element, the driven speed (movement speed) of the 
driven body can be adjusted by continuously or Intermit- 
tently applying a pulse voltage to the piezoelectric ele- 
ment. With this method, the driven body is moved at a 
IS high speed by applying the pulse voltage to the vibrating 
body continuously. Meanwhile, the driven body is 
moved at a low speed by applying the pulse voltage to 
the vibrating body continuously and then discontinuing 
the pulse voltage for a prescribed amount of time. Thus, 
20 by intermittently applying the pulse voltage to the vibrat- 
ing body and intermittently driving the driven body, the 
driven body can be driven at the desired average move- 
ment speed. 

[0021] However, when a pulse voltage is applied to 
25 the vibrating body in an intermittent manner as just de- 
scribed, the vibrational state is unstable during the initial 
period when the vibrating body starts to vibrate from a 
state of rest. Thus, during this initial period, good power 
transmission to the driven body cannot be accomplished 
30 and the driving force tends to decline. Particularly when 
the driven body is a rotating body, the driven body at- 
tempts to continue rotating due to inertia. Consequently, 
frictional forces act on the portions where the driven 
body and the vibrating body contact each other when 
35 the vibrating body is stopped and the rotational torque 
declines. When this occurs, wear occurs at the contact- 
ing portions of the two bodies and the durability of the 
device cannot be improved. 

[0022] With this invention, the pressing force applied 

40 against the vibrating body is adjusted by the pressing 
force adjusting member. As a result, the driving force 
applied against the rotating body by the vibrating body 
can be changed and thus the rotational speed of the ro- 
tating body can be changed. Since the driving force is 

45 changed by adjusting the force with which the vibrating 
body presses against the rotating body, the vibrating 
body can be vibrated continuously while constantly 
maintaining a stable vibrational state, thereby prevent- 
ing the decline in driving force that occurs with the con- 

50 ventional method of obtaining the desired movement 
speed by vibrating the vibrating body Intermittently. 
[0023] In the present invention, it is preferred that the 
pressing force adjusting member be configured in such 
a manner that the pressing force can be adjusted man- 

55 ually. This aspect of the present invention simplifies the 
structure of the pressing force adjusting member be- 
cause the pressing force is adjusted manually. Conse- 
quently, maintenance of the rotary drive device is easier 
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and manufacturing costs are reduced. 
[0024] In the present invention, it is preferred that the 
pressing force adjusting member be configured in such 
a manner that the pressing force can be adjusted auto- 
matically. This aspect of the present Invention enables 
the pressing force of the vibrating body against the ro- 
tating body to be adjusted dynamically even while the 
rotating body is rotating because the pressing force is 
adjusted automatically. Consequently, the rotational 
speed can be adjusted In a flexible manner. 
[0025] In the present invention, it is preferred that the 
pressing force adjusting member be configured such 
that the pressing force of the abutting part against the 
contact part can be adjusted in a continuously variable 
manner. This aspect of the present invention enables 
the pressing force to be adjusted in a continuously var- 
iable manner and thus the rotational speed of the rotat- 
ing body to be set in a continuous (stepless) manner As 
a result, fine tuning of the rotational speed can be ac- 
complished with ease. 

[0026] In the present invention, it is preferred that 
there is a plurality of pressing force adjusting members 
provided with respect to the vibrating body. This aspect 
of the present invention adjusts the pressing force of the 
vibrating body with a plurality of pressing force adjusting 
members, thereby reducing the load acting on a single 
pressing force adjusting member. As a result, the dura- 
bility of each pressing force adjusting member is im- 
proved. This invention also makes it easy to fine tune 
the pressing force because the amount by which a sin- 
gle pressing force adjusting member changes the press- 
ing force can be set to a small amount. 
[0027] In the present invention, it is preferred that 
there be a plurality of vibrating bodies provided with re- 
spect to one pressing force adjusting member. This as- 
pect of the present invention makes it possible to adjust 
a plurality of vibrating bodies with a single pressing force 
adjusting member. As a result, the number of parts is 
reduced and the cost of manufacturing the rotary drive 
device is lowered. Furthermore, the pressing forces of 
the vibrating bodies against the rotating body are uni- 
form and the efficiency of the power transmission to the 
rotating body is improved. 

[0028] In the present invention, it is preferred that 
there be a guide that is provided on the base part and 
that guides the rotating body by abutting against the ro- 
tating body. In this aspect of the present invention the 
guide that guides the rotating body prevents the rota- 
tional axis of the rotating body from deviating off center. 
Thus, the rotary drive device can be driven in a stable 
manner. 

[0029] Also, by arranging the vibrating bodies and 
guides in positions corresponding to the vertices of an 
equilateral triangle or isosceles triangle, the vibrating 
bodies and guides can press against the rotating body 
with equal forces in a balanced manner and the rotary 
drive device can be driven in an even more stable man- 
ner. 
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[0030] In the present invention, it is preferred that the 
rotating body be supported by the abutting part and the 
guide be located at positions that are a prescribed dis- 
tance from the rotational center. In the past, for example. 

5 it was necessary to arrange parts so as to avoid the ro- 
tational axis when the rotating body was supported 
about Its rotational axis. However, with this aspect of the 
present invention, the vibrating bodies can be arranged 
on the rotational axis. Consequently, the space inside 

10 the rotating body can be utilized more effectively than 
in cases where the rotating body is supported about its 
rotational axis and the size of the rotary drive device can 
be reduced further. 

[0031] in the present invention, it is preferred that the 

IS rotating body be arranged around the outer circumfer- 
ence of the base part. With this aspect of the present 
Invention, the size of the rotating body can be maxi- 
mized with respect to the size of the base part and thus 
the driving force can be maximized with respect to the 

20 size of the rotary drive device. 

[0032] In the present invention, it is preferred that the 
rotating body be provided such that it can be attached 
to and detached from the base part. Since this aspect 
of the present invention is configured such that the ro- 

^5 tating body can be attached to and detached from the 
base part, the rotary drive device can be used for a long 
time by replacing the rotating body or vibrating body 
when the contact part of the rotating body or abutting 
part of the vibrating body becomes somewhat worn due 

30 to long-temn use. As a result, the service life of the rotary 
drive device is improved. Furthermore, the general ap- 
plicability of the rotary drive device can be improved be- 
cause a variety of different rotating bodies can be in- 
stalled. 

35 [0033] In the present invention, it Is preferred that the 
base part and/or the rotating body has a cooling-pur- 
pose opening that communicates between the outside 
and the inside of the space that is formed around the 
vibrating body as a result of the vibrating body being 

40 substantially surrounded by the base part and/or the ro- 
tating body. Heat is generated in the area surrounding 
the vibrating body due to the vibration of the vibrating 
body itself and the contact of the abutting part of the 
vibrating body against the contact part of the rotating 

45 body. Since the properties of the piezoelectrte element 
change depending on the ambient temperature, there is 
the risk that the properties of the vibrating body will 
change due to the heat surrounding the vibrating body 
and the rotary drive device will not operate in a stable 

50 manner. With this aspect of the present invention, the 
heat can be radiated through the openings in the base 
part and/or the rotating body. As a result, the inside tem- 
perature, particularly the temperature in the area sur- 
rounding the piezoelectric element, can be prevented 

55 from rising rapidly and the rotary drive device can be 
driven in a stable manner. This arrangement also im- 
proves the ease of assembly because internal parts of 
the rotary drive device can be assembled by inserting 
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hands and tools through the openings. 
[0034] In the present invention, it is preferred that a 
conductive terminal that connects to the vibrating body 
be provided on the face of the base part that is on the 
opposite side of the base part as the vibrating body. 
Since this aspect of the present invention provides a 
conductive terminal on the base part, the vibrating body 
is easy to connect when the rotary drive device is in- 
stalled into another device. Since the conductive temni- 
nal Is provided on the opposite side of the base part as 
the vibrating body, the space of the base part can be 
utilized effectively and a reliable connection can be 
made without hindering the vibration of the vibrating 
body. 

[0035] In the present invention, it is preferred that the 
outer circumferential part of the rotational body be ca- 
pable of transmitting power. A moment that acts about 
an axis perpendicular to the rotational axis of the rotating 
body. I.e., a moment that acts in such a direction as to 
swing the rotational axis of the rotating body out of po- 
sition, is expressed as the product of an external force 
and the perpendicular distance from the point where the 
rotating body is supported by the base part to the line 
along which the external force acts. When an output 
shaft is provided along an extension line of the rotational 
shaft of the rotating body, the aforementioned perpen- 
dicular distance will be longer and the moment will be 
larger when an external force acts on the output shaft 
in a radial direction of the rotating body. This is a problem 
in that the rotary shaft will easily shift off center With 
this aspect of the present invention, power is transmitted 
with the outer circumferential part of the rotating body. 
Thus, even if an external force ads on the outercircum- 
ferential part of the rotating body in the radial direction 
of the rotating body, the perpendicular distance from the 
point where the base part supports the rotating body to 
the line along which the external force acts can be Icept 
short. As a result, the magnitude of moments acting 
about axes perpendicular to the rotational axis of the 
rotating body can be reduced and the rotary drive device 
can be driven in a stable manner. 
[0036] In the present invention, it is preferred to have 
a driving device that is provided on the base part and 
serves to drive the vibrating body. When the driving de- 
vice is provided separately from the rotary drive device, 
it is necessary to use lead wires to carry the drive signal 
from the driving device to the rotary drive device. With 
this aspect of the present invention, it is not necessary 
to draw lead wires from the rotary drive device in order 
to deliver the drive signal. Thus, the structure is simpli- 
fied and the device is easier to handle. Also, since the 
rotary drive device can be driven in a standalone man- 
ner, it is more portable and can be used outdoors and 
other places where it is difficult to secure a power 
source. 

[0037] An apparatus of the present invention is pro- 
vided with any of the previously described rotary drive 
devices. Since it is provided with the previously de- 



scribed rotary drive device, this invention can achieve 
the previously described effects and allows the previ- 
ously described rotary drive device to be utilized for such 
applications as the following: liquid supply apparatus 

5 (tube pump) , camera film winding mechan Isms , camera 
lens drive mechanisms, vibration motors, floppy disc 
drive (FDD), record players, CD players, electric bicy- 
cleS: electric scooters, electric automobiles, cooling 
fans, small electronic devices, small pumps, toys, piping 

10 inspection devices (robots), etc, 

[0038] These and other objects, features, aspects 
and advantages of the present invention will become ap- 
parent to those skilled in the art from the following de- 
tailed description, which, taken in conjunction with the 

15 annexed drawings, discloses preferred embodiments of 
the present invention. 

[0039] Thus, embodiments of the present invention 
will now be described by way of further example only 
and with reference to the accompanying drawings, in 
20 whlch:- 



Ref erring now to the attached drawings which f omi 
a part of this original disclosure: 
Figure 1 is a top plan view of a rotary drive device 
in accordance with a first embodiment of the 
present invention; 

Figure 2 is an enlarged perspective view of a vibrat- 
ing body of the rotary drive device in accordance 
with the first embodiment; 

Figure 3 is a cross sectional view of the rotary drive 
device taken along line Ill-Ill of Figure 1 in accord- 
ance with the first embodiment; 
Figure 4 is a bottom plan view of the rotary drive 
device in accordance with the first embodiment; 
Figure 5 is a cross sectional view of the rotary drive 
device taken along line V-V of Figure 1 in accord- 
ance with the first embodiment; 
Figure 6 is a series of top plan views of the vibrating 
body of the rotary drive device illustrating the oper- 
ation of the vibrating body of the rotary drive device 
in accordance with the first embodiment; 
Figure 7 is a graph that illustrates the vibration char- 
acteristic of the vibrating body of the rotary drive de- 
vice in accordance with the first embodiment; 
Figure 8 is a top plan view of a portion of a rotary 
drive device in accordance with a second embodi- 
ment of the present invention, with selected por- 
tions omitted or broken away for purposes of illus- 
tration; 

Figure 9 is a cross sectional view of the rotary drive 
device in accordance with the second embodiment; 
Figure 10 is an enlarged perspective view of a vi- 
brating body of the rotary drive device in accord- 
ance with the second embodiment; 
Figure 11 is an enlarged part:ial top plan view of the 
vibrating body in accordance with the second em- 
bodiment; 

Figure 12 is a top plan view of a rotary drive device 
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in accordance with a third embodiment of the 
present invention; 

Figure 13 is a cross sectional view of the rotary drive 
device in accordance with the third embodiment; 
Figure 1 4 is a cross sectional view of a rotary drive 5 
device In accordance with a fourth embodiment of 
the present invention; 

Figure 1 5 is a cross sectional view of a rotary drive 
device in accordance with a fifth embodiment of the 
present invention; 

Figure 16 is an enlarged side view of a vibrating 
body of the rotary drive device in accordance with 
the fifth embodiment; 

Figure 1 7 is a top plan view of a rotary drive device 
in accordance with a sixth embodiment of the is 
present Invention; 

Figure 1 8 is a cross sectional view of a rotary drive 
device in accordance with the sixth embodiment; 
Figure 1 9 is a top plan view of a rotary drive device 
in accordance with a seventh embodiment of the ^ 
present invention; 

Figure 20 is a cross sectional view of a rotary drive 
device in accordance with the seventh embodi- 
ment; 

Figure 21 is a cross sectional view of a rotary drive 
device in accordance with an eighth embodiment of 
the present invention; 

Figure 22 is a cross sectional view of a rotary drive 
device in accordance with a ninth embodiment of 
the present Invention; 50 
Figure 23 is a top plan view of a rotary drive device 
in accordance with a tenth embodiment of the 
present invention; 

Figure 24 is a cross sectional view of a rotary drive 
device In accordance with the tenth embodiment; 35 
Figure 25 is a top plan view of a rotary drive device 
in accordance with an eleventh embodiment of the 
present invention; 

Figure 26 is across sectional view of the rotary drive 
device taken along line VI-VI of Figure 25 in accord- 40 
ance with an eleventh embodiment of the present 

invention; 

Figure 27 is a cross sectional view of the rotary drive 
device tal^en along line Vll-Vll of Figure 25 in ac- 
cordance with an eleventh embodiment of the 45 

present invention; 

Figure 28 is a top plan view of a rotary drive device 
in accordance with a twelfth embodiment of the 
present invention; 

Figure 29 is a cross sectional view of a rotary drive so 
device in accordance with the twelfth embodiment; 
Figure 30 is a top plan view of a rotary drive device 
in accordance with a thirteenth embodiment of the 
present invention; 

Figure 31 Is a cross sectional view of a rotary drive 55 
device In accordance with the thirteenth embodi- 
ment; 

Figure 32 is a top plan view of a car utilizing a rotary 



drive device in accordance with a fourteenth em- 
bodiment of the present Invention; 
Figure 33 is a block diagram of a car utilizing a rotary 
drive device in accordance with the fourteenth em- 
bodiment; 

Figure 34 is a perspective view of a robot utilizing 
a rotary drive device In accordance with the fifteenth 
embodiment of the present invention; 
Figure 35 is a block diagram of a car utilizing a rotary 
drive device in accordance with the fifteenth em- 
bodiment; 

Figure 36 Is a top plan view of a rotary drive device 
in accordance with a sixteenth embodiment of the 
present invention; 

Figure 37 is a cross sectional view of the rotary drive 
device of Figure 36 taken along line 37 - 37 of Figure 
36 in accordance with the sixteenth embodiment of 
the present invention; 

Figure 38 is a top plan view of a rotary drive device 
in accordance with a seventeenth embodiment of 
the present invention; and 

Figure 39 is a top plan view of a rotary drh^e device 
in accordance with an eighteenth embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0040] Selected embodiments of the present inven- 
tion will now be explained with reference to the draw- 
ings. It will be apparent to those skilled in the art from 
this disclosure that the following descriptions of the em- 
bodiments of the present invention are provided for il- 
lustration only and not for the purpose of limiting the in- 
vention as defined by the appended claims and their 
equivalents. 

[0041] In the subsequent descriptions of the second 
embodiment and other embodiments, the descriptions 
of the component parts that are the same or have similar 
functions as corresponding component parts of the first 
embodiment may be simplified or omitted. 

FIRST EMBODIMENT 

[0042] Referring initially to Figure 1 , a rotary drive de- 
vice 1 Is Illustrated In accordance with a first embodi- 
ment of the present invention. Figure 1 shows a top plan 
view of the rotary drive device 1 in accordance with the 
first embodiment. The rotary drive device 1 basically in- 
cludes a vibrating body 2, a support body 3, a base part 
4 and an annular rotating body 101. The rotating body 
101 is driven by the vibrations of the vibrating body 2. 
The vibrating body 2 is mounted to the base part 4 by 
the support body 3 that fixes the vibrating body 2 in such 
a manner that the vibrating body 2 can vibrate. The ro- 
tating body 101 is provided on the outer circumference 
of the base part 4 in such a manner that it can rotate 
relative to the vibrating body 2. 
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[0043] The rotary drive device 1 is installed into, for 
example, a cannera unit and used as part of a film wind- 
ing mechanism by placing a belt around the outer cir- 
cumference of the rotating body 101 to transfer the ro- 
tational motion of the rotating body 101 so as to wind 
the film of the camera via the belt. 
[0044] Figure 2 shows an exploded view of the vibrat- 
ing body 2 and the support body 3. As shown in both 
Figures 1 and 2, the vibrating body 2 comprises a rein- 
forcing plate 21 that is generally rectangular In shape, 
and a pair of flat plate-shaped piezoelectric elements 22 
that are provided on the front and back surfaces of the 
reinforcing plate 21 . 

[0045] The reinforcing plate 21 is preferably made of 
stainless steel or other suitable materials. The reinforc- 
ing plate 21 has an abutting part 23fonned integrally on 
one of the short ends of the reinforcing plate 21, and a 
pair of arm parts 24 fonned integrally on the long sides 
of the reinforcing plate 21 . Preferably, the abutting part 
23 Is disposed at a position approximately midway in the 
widthwise direction of the reinforcing plate 21 . The free 
edge of the abutting part 23 has a cross sectional shape 
that is preferably generally a convex arc shape as best 
seen in Figure 5. As best seen in Figure 5, the reinforc- 
ing plate 21 is arranged such that the tip of the abutting 
part 23 abuts against an inside circumference surface 
or contact part 1 01 A of the rotating body 101 . The rein- 
forcing plate 21 is further an-anged to extend substan- 
tially perpendicular to a line that is tangent to the inside 
circumference surface or contact part 101 A. In other 
words, the reinforcing plate 21 is aligned in a substan- 
tially radial direction of the rotating body 101. In short, 
the vibrating body 2 is disposed in a plane that perpen- 
dicularly intersects the rotational axis of the rotating 
body 101 . The vibrating body 2 is closer to the rotational 
axis of the rotating body 1 01 than the position where the 
abutting part 23 abuts against the rotating body 1 01 . 
[0046] The arm parts 24 extend widthwise in opposite 
directions from the long sides of the reinforcing plate 21 
at positions approximately midway in the lengthwise di- 
rection of the reinforcing plate 21 . The amn parts 24 pro- 
trude substantially orthogonally from the reinforcing 
plate 21 . Each of the arm parts 24 has a hole 24A formed 
in the free end thereof. 

[0047] The piezoelectric elements 22 are bonded to 
both surfaces of the generally rectangular portion of the 
reinforcing plate 21 . There are no particular limitations 
on the material of the piezoelectric device 22. For ex- 
ample, any of the following materials can be used: lead 
zirconate titanate {PZT(B>), crystalline quartz, lithium 
niobate, barium titanate, lead titanate, lead meta-nio- 
bate, vinylidene polyfluoride, lead zinc niobate, and lead 
scandium niobate. 

[0048] Electrodes are fonned on both surfaces of 
each piezoelectric element 22 by plating, sputtering, or 
vapor depositing such metals as nickel and gold. The 
electrodes on the inner surfaces of the piezoelectric el- 
ements 22 that face the reinforcing plate 21 are fomied 



over the entire surfaces of the piezoelectric elements 
22. On the outer surfaces of the piezoelectric elements 
22 that do not face the reinforcing plate 21 , a plurality 
of electrodes electrically insulated from one another by 
5 grooves are arranged symmetrically with respect to the 
lengthwise centerilne of the piezoelectric element 22. In 
short, as seen in Figure 2, two grooves 25A are provided 
on the outer surface of each piezoelectric element 22 
so as to divide the piezoelectric element 22 lengthwise 
10 into three substantially equal sections to define three 
electrodes. Among the three electrodes defined by the 
grooves 25A. the two outside electrodes are further di- 
vided crosswise into substantially equal sections by 
grooves 25B. Thus, on the outer surface of the piezoe- 
15 lectric element 22, the grooves 25A and 25B fomn an 
electrode 22A and two pairs of electrode pairs 22B and 
22C. The electrode 22A Is located substantially in the 
center of the piezoelectric element 22 relative to its 
crosswise direction such that the electrode 22A extends 
20 in a longitudinal direction. One of the of electrode pairs 
22B and 22C is located on each side of the electrode 
22A. The electrodes 22B are arranged to be diagonally 
opposite each other. Similarly, the electrodes 22C are 
arranged to be diagonally opposite each other. Lead 
2S wires (not shown) connect the electrodes 22A, 228 and 
22C to one of a plurality of conductive pins 35 mounted . 
on the base part 4. Here, there are four conductive pins 
35 with the electrodes 22A of the piezoelectric elements 
22 being connected to a first of the four conductive pins 
30 35, the electrodes 228 of the piezoelectric elements 22 
being connected to a second of the four conductive pins 
35, and the electrodes 22C of the piezoelectric elements 
22 being connected to a third of the four conductive pins 
35. The reinforcing plate 21 is also provided with a lead 
35 wire (not shown) that connects the reinforcing plate 21 
to the fourth conductive pin 35, i.e., the conductive pin 
35 not connected with any of the aforementioned elec- 
trodes. 

[0049] These electrodes 22A, 22B and 22C are pro- 
40 vided in the same manner on both of the piezoelectric 
elements 22, i.e., on both the front and backsides of the 
reinforcing plate 21 . For example, the electrode 22A on 
the front side of the reinforcing plate 21 is in a position 
corresponding to the position of the electrode 22A on 
45 the back side of the reinforcing plate 21 . 

[0050] The dimensions, thickness, electrode arrange- 
ment, etc., of the piezoelectric element 22 are selected 
as appropriate such that when voltage is alternately ap- 
plied to the piezoelectric element 22, the piezoelectric 
50 element 22 simultaneously exhibits longitudinal vibra- 
tion in which it elongates and contracts in the lengthwise 
direction and bending vibration in which it bends in a 
direction perpendicular to the longitudinal vibration in a 
manner that is point-symmetrical with respect to the pla- 
55 nar centerthereof . It is preferred that the resonance fre- 
quency for longitudinal vibration and the resonance fre- 
quency for bending vibration be in close proximity of 
each other and that the ratio of the resonance frequency 
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for bending vibration to the resonance frequency for lon- 
gitudinal vibration be greater than 1 .00 and less than or 
equal to 1 .03. tt is also preferred that the length ratio the 
short side of the piezoelectric element 22 to the long 
side be such that the length of the short side is equal to 
0.274 orgreaterwhen the length of the long side is equal 
to 1. 

[0051 ] If the length of the short side of the piezoelec- 
tric element 22 is less than 0.274 when the length of the 
long side is equal to 1 , the resonance frequency for lon- 
gitudinal vibration will exceed the resonance frequency 
for bending vibration, I.e., the ratio of the resonance fre- 
quency for bending vibration to the resonance frequen- 
cy for longitudinal vibration be less than 1 .00, and the 
abutting part 23 will not follow a satisfactory elliptical 
path. Meanwhile, if the ratio of the resonance frequen- 
cies is greater than 1 .03, the resonance point for longi- 
tudinal vibration and the resonance point for bending vi- 
bration will be too far apart and it will not be possible to 
set a vibrational frequency for which the amplitudes of 
both types of vibration become large simultaneously. 
[0052] The frequency of the voltage applied to the pi- 
ezoelectric elements 22 is selected to be between the 
resonance frequency for longitudinal vibration and the 
resonance frequency for bending vibration or, more 
preferably, between the anti-resonance frequency and 
the resonance frequency for bending vibration. The fre- 
quency of the applied voltage is selected appropriately 
such that both types of vibration are exhibited in a sat- 
isfactory manner. There are no particular limitations on 
the wavefonn of the voltage applied to the piezoelectric 
elements 22; such waveforms as sine waves, square 
waves, and trapezoidal waves can be used. 
[0053] Figure 3 is a lateral cross sectional view of the 
rotary drive device 1 taken along line Ill-Ill of Figure 1. 
Figure 4 is a bottom plan view of the rotary drive device 

1 . As shown in Figures 1 , 3, and 4, the conductive pins 
35 (made of metal or other material) , which are connect- 
ed to the electrodes of the piezoelectric element 22, are 
arranged such that a plurality of the conductive pins 35 
are provided on both lateral sides of the vibrating body 

2. In this embodiment, there are a total of four pins, with 
two on each lateral side of the vibrating body 2. Each of 
the conductive pins 35 passes through a through hole 
41 that is provided in the base part 4. Each of the con- 
ductive pins 35 protrudes through the base part 4 to the 
side of the base part 4 where the vibrating body 2 is not 
provided. Preferably^ metal plating is applied to the sur- 
faces of the conductive pins 35 to reduce the electrical 
resistance. An insulating member36 is disposed in each 
of the through holes 41 such that the insulating mem- 
bers 36 are disposed between the through holes 41 and 
the conductive pins 35 to insulate the base part 4 from 
the conductive pins 35. 

[0054] A substrate 37 is provided on the surface of the 
base part 4 where the vibrating body 2 is not provided. 
The substrate 37 has conductive pattems 38 of rolled 
copper or the tike fomned therein. The conductive pins 
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35 also pass through this substrate 37. The substrate 
37 Is made of, for example, polyamide resin or other ma- 
terial that is flexible and electrically insulating. The con- 
ductive patterns 38 each have an end formed at the pe- 

5 riphery of a through hole through which a conductive pin 
35 passes. These ends conductive patterns 38 are con- 
nected to the conductive pins 35 in an electrically con- 
ductive manner with solder or other means. The other 
ends of the conductive patterns 38 are arranged in 

10 closely adjacent positions on the substrate 37 and form 
conductive terminals 38A. 

[0055] Thus configured, the four conductive tenninals 
38A are electrically connected to electrodes 22A, 22B, 
22C and the reinforcing plate 21 , respectively. The con- 
15 ductive tenninals 38A are configured to be connected 
to an energizing device (not shown) that applies AC volt- 
age to the piezoelectric elements 22. The vibrating body 

2 can be connected to the energizing device easily by 
providing a substrate having a conductive pattern with 

20 terminals in positions corresponding to the conductive 
terminals 38A and then clamping that substrate of the 
energizing device face-to-face with the substrate 37 us- 
ing fastener that are threaded into the mounting holes 
45. This arrangement enables the two substrates to be 

25 readily connected together in such a manner that the 
four conductive terminals 38A are simultaneously con- 
nected to the energizing device by pressure contact. 
[0056] Figure 5 shows another lateral cross sectional 
view of the rotary drive device 1 taken along line V-V of 

30 Figure 1 . As seen in Figure 5, the substrate 37 has a 
positioning hole 37A at a position that corresponds to 
the rotational center of the rotating body 101. Likewise, 
the base part 4 has a positioning hole 4A at a position 
that corresponds to the rotational center of the rotating 

55 body 101 . The positioning holes 37A and 4A are posi- 
tioned at the rotational center of the rotating body 101 
so that when the rotary drive device 1 is installed in an 
external device, the rotational center of the rotating body 
101 can be easily detemnined. 

40 [0057] Referring to Figures 2 and 5, the support body 

3 is made of hard plastic or other material, and compris- 
es a pair of fixing parts 31 to which the vibrating body 2 
is fixed, and a sliding part 32 that is formed integrally 
between the fixing parts 31 . The sliding part 32 is sup- 

45 ported on the base part 4 in such a manner that it can 
slide in a reciprocating manner when voltage is applied 
to the piezoelectric elements 22. Each fixing part 31 has 
a threaded hole 31 A located at a position that corre- 
sponds to one of the holes 24A in one of the arm parts 

50 24. The vibrating body 2 is fixed to the fixing parts 31 by 
passing a pair of screws 26 through the holes 24A of the 
arm parts 24, and then screwing the screws 26 into the 
threaded holes 31 A. Consequently, the vibrating body 2 
can be detached from the support body 3, which is fixed 

55 to the base part 4, by removing the screws 26. 

[0058] The sliding part 32 is an-anged in a sliding 
groove 42 (Figure 5) provided in the base part 4. The 
sliding part 32 has a plurality of elongated holes or slots 
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32A (two in this embodiment). The slots 32A are provid- 
ed at a plurality of positions (two in this embodiment) 
located substantially along the lengthwise centerline. 
Thus, the support body 3 is supported to move parallel 
to a radial direction that approaches toward and retracts 
from the rotating body 101 . The sliding part 32 is at- 
tached to the base part 4 by a plurality of screws 42A 
(two in this embodiment). The screws 42A pass through 
the slots 32A, and are screwed into a pair of threaded 
holes 42B fornied in the base part 4. Thus, the support 
body 3 can only slide in the lengthwise direction of the 
slots 32A, i.e., along a radial direction of the rotating 
body 101 from the position where the abutting part 23 
abuts against the rotating body 101 . 
[0059] The fixing parts 31 and the sliding part 32 are 
formed such that their surfaces that face away from the 
base part 4 are disposed at different levels. More spe- 
cifically, the fixing parts 31 and the sliding part 32 are 
configured such that a recessed portion is formed in the 
middle of the support body 3. The depth of this recessed 
portion of the support body 3 is slightly larger than the 
thickness of one of the piezoelectric elements 22. As a 
result, a gap isfomned between the vibrating body 2 and 
the sliding part 32 when the vibrating body 2 is mounted 
to the fixing parts 31 . Also the vibrating body 2 is ar- 
ranged in this recessed portion of the support body 3 
such that the vibrating body 2 does not interfere with the 
sliding part 32 or the screws 42A when it vibrates. 
[0060] Referring now to Figures 1-3, the vibrating 
body 2 is urged by a pair of coil compression springs 34 
relative to the base part 4 such that the abutting part 23 
of the vibrating t>ody 2 is pressed against the contact 
part 101 A on the inside portion of the rotating body 1 01 . 
The springs 34 fomn a biasing or pressing force applying 
member. As seen in Figures 2 and 3, the support body 
3 has a pair of spring mounting parts 33A. One of the 
spring mounting parts 33A supports one end of each of 
the springs 34. In other words, one end of each of the 
springs 34 is fitted onto one of the spring mounting parts 
33A. In particular, each of the spring mounting parts 33A 
has a circular rod shape that protrudes from on each of 
the two fixing parts 31 of the support body 3 on the sides 
thereof that face away from the abutting part 23 of the 
vibrating body 2. A circular rod-shaped abutting pin 33B 
is inserted into the other ends of each of the springs 34. 
The abutting pins 33B are fixed to a pair of stopping piec- 
es 43 that are fixed to the base part 4. Thus, the springs 
34 are arranged such that they elongate and contract 
along a direction parallel to the direction along which the 
vibrating body 2 approaches toward and retracts from 
the rotating body 101. 

[0061] Accordingly, one end of each spring 34 abuts 
against the support body 3 and the other end of each 
spring 34 abuts against an abutting pin 33B such that 
the springs 34 press the support body 3 toward the ro- 
tating body 101 . In short, the abutting part 23 of the vi- 
brating body 2 is pressed against the contact part 1 01 A 
on the inside portion of the rotating body 101 with an 



appropriate pressing force. 

[0062] As shown in Figures 1, 3 and 5, the rotating 
body 101 is rotatably supported on an inner ring 44, 
which is adhesively secured to the outer circumference 

5 of the base part 4, with a plurality of balls 44A (eight in 
this embodiment) arranged at equal intervals between 
the rotating body 1 01 and the inner ring 44. A cylindrical 
ball holding part 44B made of synthetic resin or the like 
is provided between the inner ring 44 and the rotating 

10 body 1 01 to hold the balls 44A in place. The ball holding 
part 44B has substantially semicircular notches fornied 
In the side of the ball holding part 44B that is closer to 
the substrate 37. These notches of the ball holding part 
44B are equal in number to the number of the balls 44A 

15 and are arranged at equal intervals in the circumferential 
direction. Each ball 44A is fined into one of these notch- 
es such that the balls 44A are held at a fixed spacing 
along the outer circumference of the inner ring 44. The 
rotating body 101 , the inner ring 44 arid the balls 44A 

20 are preferably made of stainless steel or other highly rig- 
id material. 

[0063] As best seen in Figure 3, on the Inside portion 
of the rotating body 1 01 is formed the contact part 1 01 A, 
which has a concave arc shape as viewed in a cross 
25 sectional view with respect to the direction in whteh the 
abutting part 23 abuts. Thus, the convex arc shape of 
the abutting part 23 of the vibrating body 2 abuts against 
the concave arc shape of the contact part 101 A. The 
surface of the contact part 101 A is finished smooth so 
30 as to reduce wear of the abutting part 23. The contact 
part 101 A serves to prevent the abutting part 23 from 
losing its mated condition with respect to the rotating 
body 1 01 when it shifts toward the rotational axis of the 
rotating body 101 due to vibration of the vibrating body 2. 
35 [0064] Here, the rotating body 101 is provided such 
that it can be attached to and detached from the base 
part 4. To remove the rotating body 101 from the base 
part 4, the balls 44A are removed from the notches of 
the ball holding part 44B and the ball holding part 44B 
40 is removed from between the inner ring 44 of the base 
part 4 and the rotating body 101, The balls 44A will then 
be able to move freely between the inner ring 44 and 
the rotating body 1 01 . Next, the balls 44A are gathered 
at one location on the outer circumference of the inner 
45 ring 44 and the Inner ring 44 is moved toward the rotating 
body 1 01 at the opposite side from where the balls 44A 
are located. When this is done, a gap that is larger than 
the balls 44A is formed between the inner ring 44 and 
the rotating body 101 such that the rotating body 101 
so can be removed from the inner ring 44 by taking the balls 
44A out one by one through the gap. 
[0065] Refen-ing now to Figure 6, a series of diagram- 
matic views are shown that illustrates how the vibrating 
body 2 operates. The view (A) of Figure 6 illustrates the 
55 longitudinal vibration of the vibrating body 2, while the 
view (B) Figure 6 illustrates the bending vibration. The 
view (C) of Figure 6 illustrates the vibrational path of the 
abutting part 23. 



9 



1372256A2_L> 



17 



EP 1 372 256 A2 



18 



[0066] When an energizing device is used to apply an 
AC voltage between the reinforcing plate 21 of the vi- 
brating body 2 and selected ones of the electrodes 22A, 
22B and 22C of the piezoelectric elements 22, this caus- 
es the vibrating body 2 to vibrate as seen in the views 
of Figure 6. When voltage is applied to the electrodes 
22A, the vibrating body 2 will exhibit longitudinal vibra- 
tion in which the piezoelectric elements 22 elongate and 
contract in the longitudinal direction due to the energiza- 
tion of the electrodes 22 A, as shown in view (A) of Figure 
6. When voltage is applied to the electrodes 22C, the 
vibrating body 2 will exhibit lateral bending vibration in 
which the piezoelectric elements 22 elongate and con- 
tract asymmetrically on both sides due to the energiza- 
tion of the electrodes 22C, as shown in view (B) of Figure 
6. In other words, the piezoelectric elements 22 bend in 
a direction perpendicular to the longitudinal vibration in 
a manner that is point-symmetrical with respect to its 
center plane, as shown in view (B) of Figure 6. When 
voltage is applied to the electrodes 22B, the vibrating 
body 2 will exhibit lateral bending vibration in which the 
piezoelectric elements 22 elongate and contract asynv 
metrically on both sides In an opposite direction from 
that shown in view (B) of Figure 6. In other words, the 
piezoelectric elements 22 bend in a direction perpendic- 
ularto the longitudinal vibration in a manner that is point- 
symmetrical with respect to its center plane due to the 
energization of the electrodes 22B. Thus, if only elec- 
trodes 22A and 22C of the piezoelectric elements 22 are 
selected for voltage application, the vibrating body 2 will 
exhibit both longitudinal vibration, as shown in view (A) 
of Figure 6. and lateral bending vibration, as shown in 
view (B) of Figure 6, such that the abutting part 23 
moves as shown in view (C) of Figure 6. In other words, 
by exciting the vibrating body 2 such that it exhibits the 
aforementioned longitudinal and lateral bending vibra- 
tions simultaneously, the abutting part 23 is made to vi- 
brate through a generally elliptical path as shown in view 
(C) of Figure 6. Along a portion of this elliptical path, the 
abutting part 23 presses against the contact part 101 A 
of the rotating body 1 01 to cause the rotating body 1 01 
to rotate. By repeating this movement at a prescribed 
frequency, the rotating body 101 is made to rotate in a 
single direction at a prescribed speed. 
[0067] When the rotating body 1 01 Is to be rotated in 
the opposite direction, the electrodes of the piezoelec- 
tric element 22 to which the voltage is applied are 
switched in a linearly symmetrical manner with respect 
to the longitudinal centerline of the vibrating body 2. In 
other words, a voltage of a prescribed frequency is ap- 
plied to the electrodes 22A and 22B of the piezoelectric 
elements 22 such that the abutting part 23 is made to 
vibrate through an elliptical path oriented in the opposite 
direction to that shown in view (C) of Figure 6. As a re- 
sult, the rotating body 101 rotates in the opposite direc- 
tion. 

[0068] Figure 7 shows the impedance of the piezoe- 
lectric elements 22 versus the frequency at which the 



vibrating body 2 is driven. As shown in Figure 1, the im- 
pedance exhibits two minima with respect to the fre- 
quency of the voltage applied to the piezoelectric ele- 
ments 22. The minimum of the impedance that occurs 

5 at the lower frequency is the resonance point at which 
the amplitude of the longitudinal vibration is the largest 
and the frequency corresponding to this point is the lon- 
gitudinal vibration resonance frequency f1 . The mini- 
mum of the impedance that occurs at the higher fre- 
quency is the resonance point at which the amplitude of 
the bending vibration is the largest and the frequency 
corresponding to this point is the bending vibration res- 
onance frequency f3. The anti-resonance frequency f2 
appears between the resonance frequencies f1 and f3. 

75 [0069] As Illustrated by Figure 7, the piezoelectric el- 
ements 22 can be driven in a highly efficient manner 
while obtaining both longitudinal vibration and bending 
vibration at large amplitudes by driving the piezoelectric 
elements 22 at a frequency that lies between the longi- 

20 tudinal and bending resonance frequencies f 1 and f3. 
[0070] Therefore, the following effects can be ob- 
tained with the first embodiment of the present inven- 
tion. 

[0071] (1) Since the position of the vibrating body 2 in 
25 a plane that intersects the rotational axis of the rotating 
body 1 01 and is positioned closer to the rotational center 
than the position of the contact part 1 01 A, it is not nec- 
essary to provide a space for installing the vibrating 
body 2 on the outside of the rotating body 1 01 , as is the 
30 case of conventional rotary drive devices. Also the ro- 
tary drive device 1 can be reduced in size accordingly 
In short, the rotary drive device 1 can be reduced in size 
while still delivering a prescribed drive torque. 
[0072] (2) Since the vibrating body 2 is arranged and 
35 configured so as to include a flat reinforcing plate 21 
with the piezoelectric elements 22 installed on the front 
and rear surfaces of the reinforcing plate 21 and the 
abutting part 23 being provided on the reinforcing plate 
21 , the physical shock resulting from impact forces and 
40 other excessive forces acting on the rotating body 101 
from the outside is prevented from being transmitted di- 
rectly to the piezoelectric elements 22. Thus, the shock 
resistance of the rotary drive device 1 can be improved. 
[0073] (3) Since the springs 34 are provided so as to 
45 press the vibrating body 2 toward the rotating body 1 01 , 
the abutting part 23 can be made to abut reliably against 
the contact part 101 A and the rotating body 101 can be 
made to rotate in a reliable manner. As a result, the ro- 
tary drive device 1 can be driven in a stable manner. 
so [0074] Also, when the rotating body 101 is stopped, 
unnecessary rotation of the rotating body 101 can be 
suppressed when an external rotary force acts thereon 
because the abutting part 23 touches against the con- 
tact part 101 A of the rotating body 101 and acts as a 
55 stopper that resists rotation of the rotating body 1 01 . 
[0075] (4) Since the support body 3 is guided by the 
slots 321 such that it can advance and retract along a 
direction that is perpendicular to the contact part 101 A 
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of the rotating body 101 , the advancement and retrac- 
tion of the vibrating body 2 is likewise restricted to the 
same direction and the abutting part 23 always abuts 
against the contact part 1 01 A at a prescribed angle. As 
a result, the rotary drive device 1 can be driven in a sta- 
ble manner even when, for example, it has been used 
for a long period of time and the abutting part 23 has 
become somewhat worn because the abutting part 23 
can be made to abut against the contact part 101 A in a 
stable manner 

[0076] (5) A driving forcecan be appliedtothe rotating 
body 1 01 in one direction at all times because the abut- 
ting part 23 of the vibrating body 2 is made to move 
through a generally elliptical path and the rotating body 
101 is rotated during a portion of the generally elliptical 
path. In other words, since the pressing force of the 
abutting part 23 against the rotating body 1 01 decreases 
along the portion of the elliptical path where the abutting 
part 23 moves in the opposite direction as the rotation 
of the rotating body 1 01 , hindering of the rotation of the 
rotating body 101 can be prevented. Additionally, de- 
creases in the rotational torque of the rotating body 1 01 
can be prevented because it is difficult for the driving 
force of the abutting part 23 to be transmitted in the di- 
rection opposite the direction in which the inertial force 
acts. Also, since the pressing force acting against the 
rotating body 1 01 decreases when the abutting part 23 
is on a portion of the path where it moves in the opposite 
direction as the rotation of the rotating body 101 , wear 
of the abutting part 23 and the rotating body 101 can be 
prevented and the durability of the rotary drive device 1 
can be improved. 

[0077] (6) Since the abutting part 23 of the vibrating 
body 2 has a convex arc shaped free end and the con- 
tact part 101 A of the rotating body 101 has a concave 
arc shaped surface that is recessed in the direction in 
which the abutting part 23 abuts, the contact surfaces 
between the abutting part 23 and the contact part 1 01 A 
can be secured when the angle at which the abutting 
part 23 and contact part 1 01 A touch each other changes 
due to movement of the rotational axis of the rotating 
body 101. As a result, the rotary drive device 1 can be 
driven in a stable manner, 

[0078] (7) Since the rotating body 101 can be at- 
tached to and detached from the base part 4, the service 
life of the drive device 1 as a product can be improved 
because when, for example, the abutting part 23 or the 
contact part 101 A becomes worn after a long period of 
use, one or the other can be replaced and the unworn 
part can continue to be used. Furthermore, the general 
applicability of the rotary drive device 1 can be improved 
because differently shaped rotating bodies 100 can be 
interchanged depending on the application. 
[0079] (8) The substrate 37 has the conductive pat- 
terns 38 and the conductive terminals 38A, which are 
connected to the electrodes of the vibrating body 2, pro- 
vided on the opposite side of the base part 4 as the side 
on which the vibrating body 2 is provided. Consequently, 



when an energizing device or other external device is to 
be connected to the rotary drive device 1 , the vibrating 
body 2 can be connected to the extemal device easily 
by using a substrate having conductive patterns that 

5 correspond to the conductive temninals 38A. As a result, 
the space of the base part 4 can be used effectively. 
[0080] (9) Since the rotating body 101 is provided 
around the outer circumference of the base part 4, the 
size of the rotating body 101 can be maximized relative 

10 to the size of the base part 4. As a result, the drive force 
can be maximized relative to the size of the rotary drive 
device 1 . 

[0081] (10) The dimensions of the piezoelectric ele- 
ments 22 are appropriate, i.e., the length of the short 

IS side is 0.274 or greater when the length of the long side 
is equal to 1 , and ratio of the resonance frequency for 
bending vibration to the resonance frequency for longi- 
tudinal vibration is greater than 1 .00 and less than or 
equal to 1.03. As a result, longitudinal vibration and 

20 bending vibration can be obtained simultaneously such 
that the abutting part 23 moves along a satisfactory el- 
liptical path to drive (rotate) the rotating body 1 01 . Since 
the resonance points for longitudinal vibration and bend- 
ing vibration are close together, the amplitudes of both 

25 vibrations are large as a result of operating near the res- 
onance points and the rotary drive device 1 can be driv- 
en in a highly efficient manner. 

[0082] (1 1 ) Since the electrodes 22B and 22C are ar- 
ranged in a lineariy symmetrical manner with respect to 

30 the longitudinal centerlines of the piezoelectric elements 
22. the direction in which the rotating body 101 is driven 
can be changed by changing the electrodes to which the 
voltage is applied, i.e., switching from the electrodes 
22B to the electrodes 22C (or vice versa), and thereby 

35 causing the abutting part 23 to follow an elliptical path 
oriented in the opposite direction. As a result, the oper- 
ating range of the vibrating body 2 is expanded and the 
general applicability of the rotary drive device 1 is Im- 
proved. 

40 [0083] Now a specific working example of the first em- 
bodiment will be described. The piezoelectric elements 
22 are made of PZT® and their dimensions are 1 .98 mm 
wide, 7 mm long, and 0.15 mm thick. The reinforcing 
plate 21 is made of stainless steel (SUS301 ) with a thick- 

45 ness of 0.1 mm. In a top plan view, the abutting part 23 
has a generally semicircular shape with a width of 0.5 
mm and a protruding length of 0.45 mm and has a mass 
of approximately 0.1 6 mg. The portions of the arm parts 
24 that protrude from the piezoelectric elements 22 are 

50 0.4 mm wide and 0.5 mm long. 

[0084] When the vibrating body 2 is thus configured, 
the longitudinal vibration resonance frequency f 1 is ap- 
proximately 279 kHz, the bending vibration resonance 
frequency f3 is approximately 285 kHz, and the anti-res- 

55 onance frequency is approximately 283 kHz when the 
abutting part 23 is not touching against the rotating body 
101 and the vibrating body 2 is not receiving a reaction 
force from the rotating body 101 . Hence, the ratio of the 
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bending vibration resonance frequency f3 to the longi- 
tudinal vibration resonance frequency f1 is approxi- 
mately 1 .015. If a voltage whose frequency is between 
the longitudinal vibration resonance frequency f1 and 
the bending vibration resonance frequency f3 or, more 
preferably, between the anti- resonance frequency f2 
and the bending vibration resonance frequency f3 is ap- 
plied to the vibrating body 2, the vibrating body 2 will 
vibrate with a large annplitude in the vicinity of both the 
longitudinal vibration resonance point and the bending 
vibration resonance point and the abutting part 23 will 
move along a satisfactory elliptical path. 

SECOND EMBODIMENT 

[0085] Referring now to Figures 8-11, a rotary drive 
device 200 in accordance with a second embodiment 
will now be explained. In view of the similarity between 
the first and second embodiments, the descriptions of 
the parts of the second embodiment that are identical 
or substantially identical in function to the parts of the 
first embodiment may be omitted for the sake of brevity. 
[0086] Figure 8 is a top plain view of the rotary drive 
device 200 in accordance with the second embodiment 
of the present invention. Figure 9 is a lateral cross sec- 
tional view of the rotary drive device 200 shown in Figure 
8. In the following description, such directional words as 
"upper" and "above" refer to the upper side of the rotary 
drive device 200 and such words as "lower" and "below" 
refer to the lower side of the rotary drive device 200 as 
it is shown in Figure 9. 

[0087] As shown in Figures 8 and 9, the rotary drive 
device 200 has a base part 204, a rotating body 201 
rotatably provided on the base part 204 via a shaft part 
or ball bearing assembly 246, and a vibrating mecha- 
nism 220 that is provided on the base part 204 and 
serves to rotate the rotating body 201 . The vibrating 
mechanism 220 comprises three vibrating bodies 202 
as discussed later. 

[0088] This rotary drive device 200 delivers rotational 
motion via, for example, an output shaft 214 formed at 
the rotational center of the rotating body 201 . The output 
shaft 214 is used in small pumps that pump liquids. 
[0089] The base part 204 Is shaped like a circular disc 
that is provided with a shaft hole 261 , a protruding part 
262, and a plurality of openings 263. The shaft hole 261 
is formed at the center of the base part 204 such that 
the output shaft 214 is support therein for rotation. The 
protmding part 262 is fomned around the shaft hole 261 
and protrudes upward to further support the output shaft 
214 within the shaft hole 261 for rotation. The openings 
263 are fomned around the protruding part 262 and pass 
from one side of the base part 204 to the other side of 
the base part 204. The diameter of the shaft hole 261 is 
larger at the portion closer to the upper surface of the 
base part 204 than the portion of the shaft hole 261 that 
is closer to the lower surface of the base part 204. 
[0090] The ball bearing assembly 246 comprises a cy- 



lindrical bearing 264, a cylindrical journal 265 that is ar- 
ranged on the inside of the bearing 264, and a plurality 
of balls 266 an-anged between the bearing 264 and the 
journal 265. As a result, the journal 265 rotates freely 
5 with respect to the bearing 264 about the center axis of 
the bearing 264. 

[0091 ] The rotating body 201 has a disc-shaped main 
rotating body portion 211 and an annular part 212 fixed 
by, for example, pressure fitting onto the outer circum- 
10 ference of the main rotating body portion 211. The main 
rotating body portion 211 Is preferably made of a resin, 
such as PC (polycarbonate). The main rotating body 
portion 211 has a supported part 213 that protrudes 
downward along the rotational center thereof , an output 
15 shaft 214 that protnjdes upward along the rotational 
center thereof, and a plurality of openings 215 that pass 
from one side surface to the other side surface of the 
main rotating body portion 211 . The base part 204 also 
has 4 that openings 263 passing from one side surface 
20 to the other side surface of the base part 204. Thus, the 
base part 204 and the main rotating body portion 211 
fomn an interior space that substantially sun-ounds the 
vibrating mechanism 220 with the openings 21 5 and 263 
communicating between the inside of this space and the 
25 outside of this space . 

[0092] The annular part 21 2 is preferably made of an 
iron or stainless steel alloy and has a contact part 201 A 
formed on the inner circumferential surface thereof. The 
contact part 201 A is positioned at a prescribed distance 
30 from the rotational center such that the contact part 
201 A abuts against the three vibrating bodies 202 of the 
vibrating mechanism 220 {discussed later) from a sub- 
stantially radial direction of the rotational center. The 
contact part 201 A has a concave arc shaped contact 
35 surface as viewed in cross section. The concave arc 
shaped contact surface is concaved with respect to the 
direction in which the three vibrating bodies 202 abuts 
against the contact part 201 A as discussed later. 
[0093] The supported part 213 of the rotating body 
40 201 is inserted into the journal 265 of the ball bearing 
assembly 246 from above, and fixed to the journal 265 
by a screw 267 that is inserted into the journal 265 from 
below and screwed into the supported part 213. The 
bearing 264 of the ball bearing assembly 246 fits into 
45 the shaft hole 261 from the upper surface of the base 
part 204. As a result, the rotating body 201 is rotatable 
supported on the base part 204 through the ball bearing 
assembly 246. 

[0094] Figure 1 0 is an enlarged perspective view of 
50 one of the vibrating bodies 202, while Figure 11 shows 
an enlarged top plan view of one of the vibrating bodies 
202. As shown in Figures 1 0 and 11 , each of the vibrat- 
ing bodies 202 has aflat, generally-rectangular reinforc- 
ing plate 221, a pair of flat plate-shaped piezoelectric 
55 elements 222 provided on the front and back surfaces 
of the reinforcing plate 221 , an abutting part 223 and 
three arm parts 224. As discussed below, the piezoe- 
lectric elements 222 are basically divided into a center 
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piezoelectric section 222A and two side piezoelectric el- 
ement sections 222B by electrodes 222D and 222E. 
Each of the piezoelectric elements 222 has two pairs of 
the vibration detecting electrodes 222D and two pairs of 
the drive electrodes 222E. Two of the electrodes 222D 
and two of the electrodes 222E are provided on each of 
the opposed surfaces of each piezoelectric element 
222. The arm parts 224 rotatably attach the vibrating 
bodies 202 to the base part 204 such that abutting parts 
223 of the vibrating bodies 202 are pressed the against 
the contact part 201 A of the rotating body 201 by a pre- 
scribed force, 

[0095] The vibrating bodies 202 are located at in 
planes that extend along a direction that intersects the 
rotational axis of the rotating body 201 , Also the vibrat- 
ing bodies 202 are located closerto the rotational center 
than the contact part 201 A of the rotating body 201 . Fur- 
ther, the vibrating bodies 202 are arranged at equal in- 
tervals along the contact part 201 A. Preferably, the vi- 
brating bodies 202 are arranged so as to be slightly 
slanted with respect to the rotational direction of the ro- 
tating body 201 such that the abutting parts 223 abut 
against the contact part 201 A at a prescribed angle. 
[0096] As seen in Figure 11, the vibrating body 202 
has a longitudinal centerline S (single-dot chain line), 
with the abutting part 223 being provided on the center- 
line S at the free end of the vibrating body 202 that faces 
the contact part 201 A. The abutting part 223 is formed 
integrally with the reinforcing plate 221 and has a con- 
vex arc shaped free end surface as seen in a cross sec- 
tion. The convex arc shaped free end surface of the 
abutting part 223 abuts against the concave arc shaped 
contact surface of the contact part 201 A. 
[0097] Regarding the electrodes 222D and 222E, 
each of the piezoelectric elements 222 has two rectan- 
gular vibration detecting electrodes 222D an-anged on 
diagonally opposite comers of each of the piezoelectric 
elements 222 and one generally Z-shaped drive elec- 
trode 222E arranged across the entire surface of each 
of the piezoelectric elements 222, excluding the portions 
where the vibration detecting electrodes 222D are locat- 
ed. An empty gap is formed between the vibration de- 
tecting electrodes 222D and the drive electrode 222E 
so that the electrodes 222D and 222E are electrically 
insulated from each other. The material and dimensions 
of the piezoelectric elements 222 are preferably the 
same as in the first embodiment, discussed above. 
[0098] The opposing pairs of vibration detecting elec- 
trodes 222D, which sandwich the piezoelectric ele- 
ments 222, are connected to a vibration detecting de- 
vice (not shown) through lead wires W1 . Among the 
three vibrating bodies 202, the two pairs of vibration de- 
tecting electrodes 222D of only one vibrating body 202 
are connected to the vibration detecting device. 
[0099] When the vibrating bodies 202 vibrate, the vi- 
bration is converted into a detection signal by each pie- 
zoelectric element 222, which is sandwiched between 
the reinforcing plate 221 and the vibration detecting 



electrodes 222D. This detection signal is sent to the vi- 
bration detecting device through the vibration detecting 
electrodes 222D and the vibrating state of the vibrating 
bodies 202 is detected. 

5 [0100] The reinforcing plate 221 is grounded via a 
lead wire W3. Opposing pairs of drive electrodes 222E, 
which sandwich the piezoelectric elements 222, are 
connected to an energizing device (not shown) through 
lead wires W2. The drive electrodes 222E of all vibrating 

10 bodies 202 are connected to one common energizing 
device that selectively applies an AC voltage thereto. 
The lead wires W1 -W3 are drawn to the outside through 
one of the openings 263 in the base part 204. 
[0101] When a single drive signal is sent from the en- 

15 ergizing device, the piezoelectric elements 222 (which 
are sandwiched between the drive electrodes 222E and 
the reinforcement plates 221 ) of the vibrating bodies 202 
vibrate. As a result, the abutting parts 223 of the vibrat- 
ing bodies 202 also vibrate and the rotating body 201 

20 rotates. 

[0102] Next, the operation of the vibrating body 202 
is described in detail. When a drive signal of a pre- 
scribed frequency is sent from the energizing device to 
the drive electrodes 222E, the piezoelectric elements 
25 222 (which are sandwiched between the drive elec- 
trodes 222E and the reinforcing plate 221) are excited 
so as to exhibit longitudinal vibration in which they elon- 
gate and contract as a whole. The direction of the lon- 
gitudinal vibration is along the centeriine S, i.e., the 
30 lengthwise direction of the vibrating body 202. 

[01 03] Now, for the purposes of explanation, each pi- 
ezoelectric element 222 (which is sandwiched between 
one of the drive electrodes 222E and the reinforcing 
plate 221 ) will be thought of as being divided into a cent- 
35 er piezoelectric element section 222A located in the vi- 
cinity of the centeriine S (i.e., the portion in the middle 
of the vibrating body 202 relative to the widthwise direc- 
tion) and two side piezoelectric element sections 222B 
located on opposite sides of the centeriine S (i.e., the 
40 portions on both sides of the vibrating body 202 in the 
widthwise direction), as shown in Figure 11 . The lengths 
of the piezoelectric element sections 222B are shorter 
than the length of the piezoelectric element section 
222A. 

45 [0104] Thus, the longitudinal vibrations of the piezo- 
electric element sections 2228 (indicated by an-ows D2 
in Figure 11) are a different movement than the longitu- 
dinal vibration of the piezoelectric element section 222A 
(indicated by arrow D1 in Figure 11) and a twisting or 

50 lateral bending moment develops In the widthwise di- 
rections of the piezoelectric elements 222. This moment 
causes the vibrating body 202 to undergo bending vi- 
bration in which it oscillates in the widthwise direction. 
As a result, the vibrating body 202 exhibits longitudinal 

55 vibration and lateral bending vibration simultaneously 
and the abutting part 223 moves through an approxi- 
mately elliptical path R, as shown in Figure 11 . 
[0105] Returning to Figures 8 and 9. the amn parts 224 
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each comprise a rotating member 242 and a pressing 
force applying member 243. The rotating member 242 
is rotatably attached to the base part 204 and the press- 
ing force applying member 243 is fixedly mounted to the 
rotating member 242 such that the pressing force ap- 
plying member 243 urges the arm part 224 attached to 
the rotating member 242 to press the abutting part 223 
of the vibrating body 202 against the contact part 201 A. 
[0106] Each of the rotating member 242 is L-shaped, 
and Is an-anged along the outside circumference of the 
protruding part 262. The rotating member 242 has a pin 
245 that attaches the base end the rotating member 242 
to the base part 204. In particular, each of the pins 245 
of each of the rotating member 242 is inserted into a 
hole 268 provided closely adjacent to the protruding part 
262 of the base part 204. As a result, the rotating mem- 
ber 242 is rotatably supported on the base part 204. 
[0107] The pressing force applying member 243 has 
the fomn of a flat plate that is fomned integrally with the 
reinforcing plate 221 of the vibrating body 202. The 
pressing force applying member 243 comprises a gen- 
erally U-shaped spring part 243A and a generally L- 
shaped support part 243B that is provided on the tip end 
of the spring part 243A. At its base end, the spring part 
243A mates with a pin 269 provided on the base part 
204. The support part 243B is fixed to the rotating mem- 
ber 242 and the tip end thereof is joined to the length- 
wise middle of the reinforcing plate 221 of the vibrating 
body 202. With an amn part 224 thus constituted, the 
spring part 243A can cause the abutting part 223 of the 
vibrating body 202 to rotate clockwise about the pin 245 
of the rotating member 242 and be pressed against the 
contact part 201 A. 

[0108] When the abutting part 223 becomes worn due 
to repetitive contact with the contact part 1 01 A, the ami 
part 224 rotates the vibrating body 202 clockwise about 
the pin 245. As a result, the angle formed between the 
abutting part 223 and the contact part 201 A changes 
and there is the risk that the state of the contact between 
the two parts will change. However, since the rotating 
member 242 is L-shaped and arranged along the out- 
side circumference of the protruding part 262, the dis- 
tance from the pin 245 to the abutting part 223 can be 
made as long as possible while avoiding contact with 
the protruding part 262 (which is provided in the center 
portion of the base part 204). Therefore, the rotational 
radius of the vibrating body 202 can be made large and 
the change in the angle between the abutting part 223 
and the contact part 201 A can be held to a minimum. 
As a result, the state of contact between the abutting 
part 223 and the contact part 201 A can be maintained. 
[0109] Now the method of assembling the rotary drive 
device 1 will be explained. First, the vibrating mecha- 
nism 220 is assembled with the vibrating bodies 202 and 
the amn parts 224 and the ball bearing assembly 246 is 
installed in the base part 204. Then, the vibrating bodies 
202 are arranged on the base part 204 by inserting the 
pints 245 of the rotating members 242 into the holes 268 



in the base part 204. Each vibrating body 202 is rotated 
counterclockwise about the pin 245 so that the abutting 
part 223 is retracted from the path of the contact part 
201 A of the rotating body 201 . When this is done, the 
5 spring part 243A of the pressing force applying member 
243 is in the state indicated by the double-dot chain line 
in Figure 8. 

[0110] Next, the supported part 213 of the rotating 
member 200 is inserted into the journal 265 of the ball 
10 bearing assembly 246 and f ixed with the screw 267, thus 
attaching the rotating body 201 to the base part 204 from 
above the vibrating mechanism 220. Then, a tool is in- 
serted through the openings 263 in the base part 204 
and the spring part 243A of each pressing force applying 
15 member 243 is moved such that it catches on the re- 
spective pin 269 of the base part 204. 
[0111] If the vibrating mechanism 220 is completely 
installed before attaching the rotating body 201. the 
spring parts 243A will be mated with the pins 269 and 
20 exert pressing forces that cause the abutting parts 223 
of the vibrating bodies 202 to enter the path of the con- 
tact part 201 A, making it impossible to Install the rotating 
body 201 . However, this problem can be avoided by us- 
ing the method described above, i.e., by first installing 
25 the rotating body 201 and afterwards putting the abut- 
ting parts 223 in contact with the contact part 201 A from 
the general direction of the rotational center. 
[0112] Now the operation of the rotary drive device 
200 will be described. First an AC voltage is applied to 
30 the piezoelectric elements 222 using an energizing de- 
vice. The frequency of the applied AC voltage is 200 to 
300 kHz. When the voltage is applied, the piezoelectric 
elements 222 elongate and contract in the lengthwise 
direction of the vibrating bodies 202, and the vibrating 
35 bodies 202 undergo longitudinal vibration and lateral 
bending vibration simultaneously, causing the abutting 
parts 223 to move through the path R. 
[01 13] In short, the abutting parts 223 apply a pushing 
force against the contact part 201 A of the rotating body 
40 201 when they move through the portion of the path that 
is close to the contact part 201 A. The friction force gen- 
erated between the abutting parts 223 and the contact 
part 201 A causes the contact part 201 A to be moved in 
a prescribed direction. Meanwhile, when the abutting 
45 parts 223 move through the portion of the path that is 
far from the contact part 201 A, they separate from the 
rotating body 201 or, if touching the contact part 201 A, 
their pushing force is reduced such that they do not drive 
the contact part 201 A. 
50 [0114] By repeating this operation, the abutting parts 
223 repetitively push the contact part 201 A and thereby 
rotate the rotating body 201 in the direction of the arrow 
E shown in Figure 8. 

[0115] In addition to effects (1), (2), (5), (6), (7), and 
55 (10) of the first embodiment, the second embodiment 
also provides the following effects. 
[01 16] (1 2) Since openings 263 and 21 5 are provided 
in the base part 204 and the rotating body 201 , heat can 
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be dissipated through the holes 263 and 215 and the 
internal tennperature (particularly the temperature of the 
piezoelectric elements 222) can be prevented from ris- 
ing severely. As a result, the rotary drive device 200 can 
be driven in a stable manner. Also, hands or tools can 
be inserted through the openings 263 and 215 to as- 
semble internal parts of the rotary drive device 200, thus 
improving the assembly performance. 
[0117] (13) Since there are three vibrating bodies 202 
arranged at equal intervals along the contact part 201 A 
of the rotating body 201 and the abutting parts 223 abut 
against the contact part 201 A from a substantially radial 
direction of the rotational center, the abutting parts 223 
can press against the contact part 201 A of the rotating 
body 201 from the general direction of the rotational 
center with equal forces in a balanced manner. As a re- 
sult, the rotational axis of the rotating body 201 is pre- 
vented from deviating off center and the rotary drive de- 
vice 200 can be driven in a stable manner. 
[0118] (14) Since a single energizing device is con- 
nected to all of the vibrating bodies 202 such that the 
three vibrating bodies 202 are driven by a single drive 
signal, it is not necessary to provide a separate energiz- 
ing device for each vibrating body 202 and manufactur- 
ing costs and operating costs can be reduced. 
[01 19] (15) Although the structure is different from the 
first embodiment, since pressing force applying menn- 
bers 243 are provided so as to press the vibrating bodies 
202 toward the rotating body 201 , a similar effect to ef- 
fect (3) of the first embodiment can be obtained in that 
the abutting parts 223 can be made to abut reliably 
against the contact part 201 A and the rotating body 201 
can be made to rotate in a reliable manner. As a result, 
the rotary drive device 200 can be driven in a stable 
manner. 

[0120] Also, when the rotating body 201 is stopped, 
unnecessary rotation of the rotating body 201 can be 
suppressed when an external rotary force acts thereon 
because the abutting parts 223 touch against the con- 
tact part 201 A of the rotating body 201 and act as stop- 
pers that resist rotation of the rotating body 201 . 
[01 21 ] (16) Costs can be reduced further because the 
pressing force applying members 243 are formed inte- 
grally with the reinforcing plates 221 of the vibrating bod- 
ies 202. 

[0122] (17) Since the vibrating body 202 is fixed di- 
rectly to the base part 204 (ball bearing assembly 246) 
and there is no need for the support body 3 like that 
adopted in the first embodiment, the structure of the ro- 
tary drive device 200 can be simplified and the rotary 
drive device 200 can be manufactured less expenslvety. 

THIRD EMBODIMENT 

[01 23] Now a third embodiment of the present inven- 
tion is described while referring to Figures 12 and 13. 
Figure 12 shows a top plan view of a rotary drive device 
300 in accordance with the third embodiment of the 



present invention, while Figure 13 shows a cross sec- 
tional view of the rotary drive device 300 shown in Figure 
12. In the following description, such words as "upper," 
"above," "lower," and "below" refer to the respective di- 
5 rections of the rotary drive device 300 as it is shown in 
Figure 13. 

[0124] This rotary drive device 300 is used as a cen- 
trifugal fan that blows air by rotating a rotating body 301 
and is Installed in, for example, a computer to cool the 

10 internal components of the computer. Similariy to the ro- 
tary drive device 200 of the second embodiment, this 
rotary drive device 300 has a base part 304, a bearing 
assembly 346, the rotating body 301, and a vibrating 
mechanism 320. 

15 [01 25] The base part 304 is box-shaped and provided 
with a plurality of openings 363 and an internal energiz- 
ing device 360. The openings 363 are provide on both 
the upper surface and the lower surface of the base part 
304. The energizing device 360 includes a battery and 

20 a drive circuit which is connected to some vibrating bod- 
ies 302 (discussed later) by lead wires W2 and W3. The 
energizing device 360 sends a single drive signal that 
causes the piezoelectric elements 322 of the vibrating 
bodies 302 to vibrate. As a result, the vibrating body 302 

25 vibrates and the rotating body 301 rotates. 

[0126] The bearing assembly 346 comprises a shaft 
part main body 371 that is shaped like a circular rod and 
protrudes upward from the center of the base part 304. 
a support part 372 that is formed around the outside cir- 

30 cumference of the shaft part main body 371 , and a cy- 
lindrical bushing 373 that is provided around the outside 
circumferential surface of the shaft part main body 371 
above the support part 372. 

[01 27] The material of the bushing 373 can be select- 
35 ed as appropriate in view of the bearing strength and 
lubrication characteristics. Examples include, but are 
not limited to, oil-impregnated acetal resin, oil-impreg- 
nated polyolefin resin, oil-impregnated polyamide resin, 
oil-impregnated polyester resin, and ethylene fluoride 
40 resin. Other materials such as oil-impregnated metals 
are also acceptable. 

[0128] The rotating body 301 is configured in the 
same manner as the rotating body 201 of the second 
embodiment, except that the structure of the main rotat- 
45 ing body portion 31 1 is different. In this embodiment, the 
main rotating body portion 31 1 does not have a support- 
ed part at the rotational center but has a passage hole 
316. 

[0129] The bushing 373 is inserted through the pas- 
50 sage hole 31 6 of the main rotating body portion 311 and 
a screw 374 Is screwed Into the upper end face of the 
shaft part main body 371 . As a result, the rotating body 
301 and the rotating member 342 (discussed later) are 
sandwiched between the head part of the screw 374 and 
55 the support part 372 of the bearing assembly 346 and 
thereby supported in a rotatable manner. The play of the 
rotating body 301 can be adjusted by adjusting the 
screw 374. 
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[0130] The external surface of the output shaft 314 of 
the main rotating body portion 311 is provided with teeth 
that mate with a wheel train (not shown). 
[0131] The annular part 312 of the rotating body 301 
Is provided with a plurality of openings 31 7 that are ori- 
ented at an angle with respect to the rotational direction 
of the rotating body 301 . As a result, the rotating body 
301 constitutes a centrifugal fan that draws in external 
air through the openings 31 7. 

[01 32] The vibrating mechanism 320 has three vibrat- 
ing bodies 302 coupled to the base part 304 by a single 
ami part 324. The vibrating bodies 302 are constructed 
in the same manner as the vibrating bodies 202 of the 
second embodiment, except that they do not have a vi- 
bration detecting electrode 222D. Instead, the drive 
electrodes 322E cover the entire surfaces of the piezo- 
electric elements 322. 

[0133] The reinforcing plate 321 of each vibrating 
body 302 is provided with two protrusions 323A and 
323B that are formed integrally at diagonally opposite 
positions on the lengthwise-facing ends of the reinforc- 
ing plate 321 and are semicircular in shape in a plan 
view. Of the two protrusions 323A and 323B, the protru- 
sion 323B of each vibrating body 302 includes an abut- 
ting part 323 that abuts the contact part 301 A. 
[0134] When the vibrating bodies 302 receive the 
drive signal from the energizing device 360, the piezo- 
electric elements 322 elongate and contract in the 
lengthwise direction. Since the two protrusions 323B of 
each vibrating body 302 are provided In an unbalanced 
manner the longitudinal vibration of the piezoelectric el- 
ement 322 causes the vibrating body 302 to undergo 
bending vibration in which it oscillates in the widthwise 
direction. As a result, the abutting parts 323 move 
through the paths R, similarly to the abutting part 223 in 
the second embodiment. 

[0135] The ami part 324 is provided with a rotating 
member 342 and a pressing force applying member 
343. The rotating member 342 has a passage hole 342C 
at its center. The shaft part main body 371 passes 
through the passage hole 342C such that the rotating 
member is disposed above the support part 372 and is 
rotatably supported along with the rotating body 301 . 
[0136] The rotating member 342 also has an annular 
rotating member main body 342A and a support part 
342B that is fixed to the bottom surface of the rotating 
member main body 342A and supports the vibrating 
bodies 302. The support part 342B has three arms 342D 
that support the vibrating bodies 302 and the arms 342D 
are arranged at equal intervals, 120 degrees apart from 
each other. 

[0137] The pressing force applying member 343 is a 
spiral spring and is arranged along the outside circum- 
ferential surface of the support part 372 of the bearing 
assembly 346. One end of the pressing force applying 
member 343 is stopped in the vicinity of the support part 
372 of the base part 304 and the other end passes 
through the support part 342B of the rotating member 



342 and is stopped against the rotating member main 
body 342A. 

[0138] With the arm part 324 thus constituted, the 
pressing force applying member 343 can cause the 
5 abutting parts 323 of the vibrating bodies 302 to rotate 
clockwise about the rotational axis of the rotating body 
301 and be pressed against the contact part 301 A. 
[0139] In addition to effects (1), (2), (5), and (10) of 
the first embodiment and effects (1 2) to (1 5) of the see- 
to ond embodiment, this embodiment also provides the fol- 
lowing effects. 

[01 40] (1 8) Since an energizing device 360 is provid- 
ed inside the base part 304, it is not necessary to draw 
lead wires from the rotary drive device 300 for delivering 

IS the drive signal. As a result, the rotary drive device is 
simpler in construction and easier to handle. Addition- 
ally, since the rotary drive device 300 can be driven in 
a standalone manner, it is more portable and can be 
used outdoors and other places where it is difficult to 

20 secure a power source. 

[0141] (19) Since the rotating body 301 is used as a 
centrifugal fan, the intake and exhaust of air into and out 
of the rotary drive device can be executed in a forced 
manner. As a result, the inside of the rotary drive device 

25 300 can be cooled and the area surrounding the piezo- 
electric elements 322 can be prevented from rising se- 
verely, thus allowing the rotary drive device 300 to be 
driven in a stable manner. 

[0142] More particularly, since openings 363 are pro- 
30 vided in the base part 304, air can pass easily in and out 
through the openings 363 and the rotary drive device 
300 can be driven in an even more stable manner. 



FOURTH EMBODIMENT 



35 



[0143] A fourth embodiment of the present invention 
is now described in reference to Figure 14. Figure 14 is 
a cross sectional view of a rotary drive device 400 in 
accordance with the fourth embodiment of the present 
40 invention. In the following description, such words as 
"upper," "above," "lower," and "below" refer to the re- 
spective directions of the rotary drive device 400 as it is 
shown in Figure 14. 

[01 44] The rotary drive device 400 is a planetary gear 
45 mechanism comprising a base part 404 having a sta- 
tionary internal gear 448, a sun gear 450 rotatably 
mounted to the base part 404 through a bearing assem- 
bly 446, a vibrating mechanism 420 that is mounted on 
the base part 404 and serves to rotate the sun gear 450, 
50 three planet gears 451 , a carrier 452, and a movable 
internal gear 454. 

[0145] This rotary drive device 400 Is installed in. for 
example, a floppy disc drive (FDD) and the floppy disc 
drive is rotated by the rotational motion of an output shaft 
55 443 provided at the rotational center of the rotating body 
401. 

[0146] The base part 404 is provided with a circular- 
disc-shaped main body 449 having the same construc- 
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tion as the base part 204 of the second embodiment, a 
cylindrical part 449A that covers the outside circumfer- 
ential surface of the main body 449, and a lid part 449B 
that closes the bottom of the cylindrical part 449A. A 
control device 461 is enclosed between the base part 
main body 449 and the iid part 449B. 
[0147] The control device 461 includes a battery 462, 
a drive circuit 463, and a quartz crystal oscillator 464. 
The control device 461 is connected to the vibrating bod- 
ies 402 by lead wires W1 -W3, which are passed through 
the openings 463 of the base part main body 449. The 
control device 461 has an energizing function similar to 
the energizing device 360 of the third embodiment and 
a vibration detecting function for detecting the vibration- 
al state of the vibrating bodies 402. 
[0148] The portion of the upper surface of the base 
part main body 449 surrounding a support part 472 of 
the bearing assembly 446 (discussed later) is recessed 
so as to form a carrier guide part 449C. 
[0149] The stationary Internal gear 448 has teeth 
448A on the internal surface thereof and is fomned along 
the upper surface of the base part main body 449 and 
the inside circumferential surface of the cylindrical part 
449A. 

[0150] The bearing assembly 446 is equipped with a 
shaft hole 475 formed at the center of the base part main 
body 449 with the support part 472 being fomned so as 
to protrude upward around the shaft hole 475. 
[01 51] The sun gear 450 is constructed similarly to the 
rotating body 201 of the second embodiment: although 
it does not have an output shaft or an opening, it does 
have a main rotating body portion 411 , a supported part 
413 and an upwardly protmding positioning pin 418 
formed at the rotational center thereof. Teeth 450A are 
fonned on the external surface of an annular part 450B 
of the sun gear 450. 

[0152] The sun gear 450 is rotatably supported on the 
base part main body 449 of the base part 404 by the 
supported part 413 of the sun gear 450 being inserted 
into the shaft hole 475 of the ball bearing assembly 446. 
The sun gear 450 mates with the planet gears 451 and 
rotates the planet gears 451 by transmitting power to 
them with the teeth 450A on its outer circumferential por- 
tion. 

[0153] The vibrating mechanism 420 Is constructed 

similarty to the vibrating mechanism 320 in that it has 
three vibrating bodies 402 and one anm part 424. How- 
ever, the rotating member 442 of the ann part 424 does 
not have the rotating member main body 342A of the 
third embodiment and, instead, comprises only a sup- 
port part 442B. Consequently, the other end of the 
pressing force applying member 443 of the arm part 424 
is stopped against the support part 442B of the rotating 
member 442. Each of the vibrating bodies 402 are con- 
structed like the vibrating bodies 302, and thus, includes 
a reinforcing plate 421 , a pair of piezoelectric elements 
422 and an abutting part 423. 

[0154] The moveable internal gear 454 is arranged 



above the stationary internal gear 448 and along the in- 
ternal circumferential surface of the cylindrical part 449A 
and is provided with a disc-shaped moveable internal 
gear main body 454A and a cylindrical part 454B that is 

5 formed around the outside circumference of the move- 
able internal gear main body 454A. 
[0155] The moveable internal gear main body 454A 
has an output shaft 454C fomned at the rotational center 
so as to project upward from the upper surface thereof 

10 and a positioning hole 454D fonned at the rotational 
center in the lower surface thereof. The positioning pin 
418 of the sun gear 450 fits into the positioning hole 
454D. 

[0156] The moveable internal gear 454 is rotatably 
15 supported on the sun gear 450 by the positioning hole 
454D and the external surface thereof slides along the 
Internal surface of the cylindrical part 449A. Teeth 454E 
are fomned on the intemal circumferential surface of the 
cylindrical part 454B. 
20 [01 57] Moreover, the center axis of the sun gear 450 
and the stationary intemal gear 448 and the rotational 
axis of the moveable intemal gear 454 line on the same 
straight line. 

[01 58] The planet gears 451 have teeth 451 A fomned 
25 on the external circumferential surface thereof and the 
teeth 451 A mesh with the teeth 450A of the sun gear 
450, the teeth 448A of the stationary intemal gear 448, 
and the teeth 454E of the moveable internal gear 454. 
[01 59] The carrier 452 supports the three planet gears 
30 451 such that they can ortDit around the sun gear 450 
while maintaining equal spacing with respect to each 
other. The carrier 452 comprises a lower carrier 452A 
and an upper carrier 452B. 

[0160] The lower carrier 452A has a passage hole 
35 452C at its center and the support part 472 of the bear- 
ing assembly 446 passes through the passage hole 
452C such that the lower carrier 452A is rotatably sup- 
ported on the carrier guide part 449C of the base part 
main body 449. 
40 [0161] The upper earner 452B has a passage hole 
452D at its center and the positioning pin 41 8 of the sun 
gear 450 passes through the passage hole 452C such 
that the upper carrier 462B is rotatably supported on the 
sun gear 450. 

45 [0162] The lower earner 452A and the upper carrier 
452B are coupled together by coupling members (not 
shown) such that they sandwich the upper and lower 
ends of the rotary shafts of the planet gears 451 and 
thereby support the planet gears 451 . 

50 [0163] Now the operation of the rotary drive device 
400 will be explained. When the control device 461 ap- 
plies an AC voltage to the piezoelectric elements 422, 
the piezoelectric elements 422 elongate and contract in 
the lengthwise direction of the vibrating bodies 402 and 

55 the vibrating bodies 402 undergo longitudinal vibration 
and bending vibration simultaneously, causing the abut- 
ting parts 423 to move through the paths R. 
[0164] As a result, the sun gear 450 rotates and the 
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planet gears 451, whose teeth 451 A are meshed with 
the teeth 450A of the sun gear 450, also rotate. Since 
the teeth 451 A are also meshed with the teeth 448A of 
the stationary internal gear 448 (which does not rotate), 
the torque applied bythe sun gear 450 causes the planet 
gears 451 to orbit around the sun gear 450 while follow- 
ing along the teeth 448A of the stationary Internal gear 
48 and spinning about their own rotational axes. Since 
the teeth 451 A of the planet gears 451 also mesh with 
the teeth 454E of the moveable intemal gear 454, the 
moveable internal gear 454 also rotates. 
[0165] Thus, each time the planet gears 451 make 
one revolution around the sun gear 450, the position of 
the moveable internal gear 454 shifts relative to the sta- 
tionary internal gear 448 and this shifting translates in 
to rotation of the output shaft 454C. 
[0166] The reduction ratio of the rotary drive device 
400 Is given by the following equation: 



L+ M 



ZZ = 



1 §M 

' RN 



(Equation 1), 



where 2Z is the reduction ratio, L is the tooth count of 
the sun gear 450, M is the tooth count of the stationary 
intemal gear 448. N is the tooth count of the moveable 
internal gear 454, R is the tooth count of the portion of 
the planet gears 451 that meshes with the stationary in- 
ternal gear 448, and S is the tooth count of the portion 
of the planet gears 451 that meshes with the moveable 
intemal gear 454. 

[0167] For example, when L=56, M=65, IM=68, and 
S=R=8, the reduction ratio of the rotary drive device 400 
is 48.57. 

[0168] In addition to effects (1), (2), (5), (6) and (10) 
of the first embodiment, effects (12) to (16) and (17) of 
the second embodiment, and effect (1 8) of the third em- 
bodiment, this embodiment also provides the following 
effects. 

[0169] (20) When the control device 461 applies an 
AC voltage to the piezoelectric elements 422, the pie- 
zoelectric elements 422 elongate and contract in the 
lengthwise direction of the vibrating bodies 402 and the 
abutting parts 423 of the vibrating bodies 402 move 
through the paths R, causing the sun gear 450 to rotate. 
As a result, the planet gears 451 also rotate and the 
torque applied by the sun gear 450 causes the planet 
gears to orbit around the sun gear 450 while following 
along the teeth 448A of the stationary Intemal gear 448 
and spinning about their own rotational axes. Since the 
planet gears 451 also mesh with the teeth 454 E of the 
moveable internal gear 454, the moveable internal gear 
454 also rotates. As a result, the rotational speed is 
greatly reduced and a large drive torque can be ob- 
tained. 

[0170] Additionally, since the rotating body also 
serves as the sun gear 450, i.e., since the rotating body 



Is the sun gear 450 of the planetary gear mechanism, 
the overall size of the rotary drive device 400 can be 
reduced when It is used as a planetary gear mechanism. 
[01 71 ] (21 ) Since power is transmitted with the outer 

5 circumferential part of the sun gear 450, when an exter- 
nal force acts on the outer circumferential part of the sun 
gear 450 in the radial direction thereof, the perpendicu- 
lar distance from shaft hole 475, i.e., the point where the 
base part main body 449 supports the sun gear 450, to 

10 the line along which the external force acts can be kept 
short. As a result, the magnitude of moments acting 
about axes perpendicular to the rotational axis of the 
sun gear 450 can be reduced and the rotary drive device 
400 can be driven in a stable manner. 

15 

FIFTH EMBODIMENT 

[0172] A fifth embodiment of the present invention will 
now be described in reference to Figures 1 5 and 1 6. Fig- 

20 ure 1 5 shows a cross sectional view of a rotary drive 
device 500 in accordance with the fifth embodiment of 
the present invention, while Figure 16 shows an en- 
larged side view of a vibrating mechanism 620 of a ro- 
tary drive device 500. In the following description, such 

25 words as "upper," "above," "lower," and "below" refer to 
the respective directions of the rotary drive device 500 
as it is shown in Figure 1 6. 

[0173] Similarly to the rotary drive device 200 of the 
second embodiment, this rotary drive device 500 has a 

30 base part 504, a bail bearing assembly 546, a rotating 
body 501 , and a vibrating mechanism 520. The rotating 
body 501 has a main rotating body portion 511 with an 
outer annular part 51 2 forming a contact part 501 A. The 
rotating body 501 is supported on the base part 504 by 

35 a supported part 513. The main rotating body portion 
511 has a plurality of openings 515. The ball bearing 
assembly 546 includes a cylindrical bearing 564, a cy- 
lindrical journal 565, and aplurality of balls 566 an-anged 
between the bearing 564 and the journal 565. A screw 

^0 567 attaches the ball bearing assembly 546 to the rotat- 
ing body 501 . 

[01 74] This rotary drive device 500 Is installed, for ex- 
ample, into the main body of a camera and used to drive 
the zoom mechanism of the lens. More specifically, in, 

45 for example, a lens zoom mechanism comprising three 
lenses arranged parallel to each other, the rotary drive 
device 500 could be used to move the middle lens back 
and forth between the two outside lenses. This could be 
accomplished by attaching a drive shaft having external 

50 threads directly onto an output shaft 51 4 provided at the 
rotational center of the rotating body 501 and connecting 
the drive shaft to the middle lens so as to form a ball 
screw arrangement. When the output shaft 514 rotates, 
the drive shaft of the zoom mechanism will rotate and 

55 the lens will move in a parallel manner along the external 
threads of the drive shaft of the zoom mechanism. 
[01 75] The base part 504 has a shaft hole 561 , a pro- 
truding part 562. a plurality of openings 563, a wall part 
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555 provided around the outer circumference of the 
base part 504, and a cover 556 that nnates with the wall 
part 555 and covers the base part 504. 
[0176] The cover 556 Is shaped like a circular disc and 
has a passage hole 556A provided at its center, a press- 
ing part 556B that protrudes downward fronn the periph- 
ery ot the passage hole 556A, and a plurality of openings 
556C formed around the passage hole 556A. 
[0177] The output shaft 514 of the rotating body 501 
(discussed later) is passed through the passage hole 
556A. The pressing part 562 presses down on the main 
rotating body portion 511 of the rotating body 501 and 
thereby prevents the rotating body 501 from changing 
position In the vertical direction. 
[0178] The rotating body 501 is constmcted in the 
same manner as the rotating body 201 in the second 
embodiment, except that the structure of the annular 
part 512 is different. 

[0179] The annular part 51 2 is formed integrally with 
the main rotating body portion 511 and has the contact 
part 501 A on its lower surface. The contact part 501 A is 
a flat surface and is contacted at positions having a pre- 
scribed distance from the rotational center by the abut- 
ting parts 523 of the vibrating mechanism 520 (dis- 
cussed later), which approach the contact part along a 
direction substantially parallel to the rotational axis. 
[0180] The vibrating mechanism 520 has three vibrat- 
ing bodies 502 that are substantially identical to the third 
embodiment and three arm parts 524 that support the 
vibrating bodies 502 such that the abutting parts 523 of 
the vibrating bodies 502 are pressed against the contact 
part 501 A of the rotating body 501 . Similar to the third 
embodiment, each vibrating body 502 has a reinforcing 
place 521 located between a pair of piezoelectric ele- 
ments 522. The reinforcing plate 521 has a pair of pro- 
trusions 523A and 523B, with the protrusion 523B hav- 
ing the abutting part 523. 

[0181] The positions of the vibrating bodies 502 in a 
plane that intersects the rotational axis of the rotating 
body 501 are the same as the contact part 501 A and the 
vibrating bodies 502 are arranged at equal intervals 
along the contact part 501 A. The vibrating bodies 502 
are arranged in a substantially parallel orientation with 
respect to the rotational axis of the rotating body 501 
and, thus, the abutting parts 523 contact the contact part 
501 A in a perpendicular manner. 
[0182] As shown in Figure 16, each amn part 524 has 
a fixed part 546 that is fixed to the base part 504 and a 
support part (pressing force applying member) 547 that 
is mounted to the fixed part 546 and supports the vibrat- 
ing body 502. 

[0183] The support part 547 is made of an elastically 
defonnable material shaped into thefomn of an elliptical 
ring. The portion of the support part 547 that is mounted 
to the fixed part 546 and the portion that supports the 
vibrating body 502 are positioned so as to face each oth- 
er. Although the fixed part 546 is a separate member 
from the support part 547 in this embodiment, the inven- 



tion is not limited to this arrangement and it is acceptable 
for the fixed part to be formed integrally with the support 

part 547. 

[0184] When the energizing device vibrates the vi- 
5 brating bodies 502, the abutting parts 523 undergo lon- 
gitudinal vibration and bending vibration. The arm parts 
524 deform elastically in response to this motion and, 
while supporting the vibrating bodies 502, press the 
abutting parts 523 of the vibrating bodies 502 against 
10 the contact part 501 A of the rotating body 501 . As a re- 
sult, the abutting parts 523 move through an approxi- 
mately elliptical path R. Thus, the abutting parts 523 re- 
petitively push against the contact part 501 A and cause 
the rotating body 501 to rotate in the direction of arrow 
15 E in Figure 16. 

[0185] In addition to effects (1), (2). (5), and (10) of 
the first embodiment and effects (12) and (14) to (17) of 
the second embodiment, this embodiment also provides 
the following effect. 
20 [0186] (22) There are three vibrating bodies 502 ar- 
ranged at equal intervals along the contact part 501 A of 
the rotating body 501 and the abutting parts 523 are 
pressed against the contact part 501 A from a direction 
generally parallel to the rotational axis. Consequently, 
25 the contact part 501 A of the rotating body 501 can be 
pushed by the abutting parts 523 from a direction gen- 
erally parallel to the rotational axis with equal forces in 
a balanced manner. As a result, the rotational axis of the 
rotating body 501 is prevented from deviating off center 
30 and the rotary drive device 500 can be driven in a stable 
manner. 

SIXTH EMBODIMENT 

35 [0187] A sixth embodiment of the present invention 
will now be described in reference to Figures 1 7 and 18. 
Figure 17 is a top plan view showing a rotary drive de- 
vice 600 in accordance with the sixth embodiment of the 
present invention, while Figure 18 is a cross sectional 

40 view of the rotary drive device 600 shown in Figure 1 7. 
In the following description, such words as "upper," 
"above." "lower," and "below" refer to the respective di- 
rections of the rotary drive device 600 as it is shown in 
Figure 18. 

45 [01 88] The rotating body 601 has a disc-shaped main 
rotating body portion 61 1 and an annular part 61 2 fixed 
onto the outer circumference of the main rotating body 
portion 611 . The main rotating body portion 611 has a 
supported part 613 that protnjdes downward along the 
50 rotational center thereof, an output shaft 614 that pro- 
trudes upward along the rotational center thereof, and 
a plurality of openings 61 5 that pass from one side sur- 
face to the other side surface of the main rotating body 
portion 611. The base part 604 also has a plurality of 
55 openings 663 that pass from one side surface to the oth- 
er side surface of the base part 604. Thus, the base part 
604 and the main rotating body portion 61 1 form an in- 
terior space that substantially surrounds the vibrating 
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mechanism 620 with the openings 615 and 663 commu- 
nicating between the inside of th is space and the outside 

of this space. 

[0189] Referring both to Figures 17 and 18, the vibrat- 
ing body 602 comprises a reinforcing plate 621 that Is 
generally rectangular in shape, and a pair of flat plate- 
shaped piezoelectric elements 622 that are provided on 
the front and back surfaces of the reinforcing plate 621 . 
The reinforcing plate 621 has a pair of protrusions 623A 
and 623B with an abutting part 623 formed integrally on 
the protrusion 623B of the reinforcing plate 621 , and an 
amri part 624 formed integrally on the long sides of the 
reinforcing plate 621 . 

[0190] This rotary drive device 600 Is installed in, for 
example, a CD player. The rotational motion of an output 
shaft 614 provided at the rotational center of a rotating 
body 601 Is used to rotate a CD. This rotary drive device 
600 does not have the ball bearing assembly, but simi- 
larly to the rotary drive device 200 of the second embod- 
iment, it Is provided with a base part 604, a rotating body 
601 , and a vibrating mechanism 620. 
[0191] The base part 604 has a shaft hole 661 , a pro- 
truding part 662, and a plurality of openings 663. It also 
has a guide roller 657 and a guide part 658 that serve 
as a guide that touches against the contact part 601 A 
of the rotating body 601 (discussed later) and guides the 
rotating body 601. 

[01 92] The base part 604 is made by Injection molding 
using a mixture of polyacetaL polyamlde, polyolefin, or 
other material with good lubricating characteristics and 
a strengthening material comprising potassium titanate 
particles that are approximately 0.3 micrometers in di- 
ameter and approximately 3 to approximately 5 microm- 
eters In length. 

[0193] The guide roller 657. the guide part 658, and 
the vibrating body 602 of the vibrating mechanism 620 
(discussed later) are each singular in number and are 
arranged at equal Intervals along the contact part 601 A 
of the rotating body 601. More specifically, the abutting 
part 623 of the vibrating body 602, the guide roller 657. 
and the guide part 658 are arranged in positions corre- 
sponding to the vertices of an equilateral triangle. 
[0194] The vibrating body 602, the guide roller 657, 
and the guide part 658 are not limited to an equilateral 
triangle arrangement. It Is also acceptable for them to 
be arranged in positions corresponding to the vertices 
of an isosceles triangle. In such a case, the vibrating 
body 602 is arranged at the vertex fomned by the two 
sides of equal length. 

[01 95] The guide roller 657 has an outer circumferen- 
tial part that is supported such that it can rotate freely. 
This outer circumferential part serves to guide the con- 
tact part 1 01 A of the rotating body 601 by being in rolling 
contact with the contact part 601 A. 
[01 96] The guide part 658 is formed integrally with the 
base part 604 and serves to guide the rotating body 601 
by being In sliding contact with the contact part 601 A. It 
Is also acceptable to apply lubricating oil or grease to 



the guide part 658 as necessary. 
[0197] The rotating body 601 is constructed in the 
same manner as the rotating body 101 of the second 
embodiment, except that the structure of the contact 
s part 601 A and the structure of the supported part 613 
are different than for the rotating body 201 of the second 
embodiment. 

[0198] The abutting part 623 of the vibrating mecha- 
nism 620, the guide roller 667, and the guide part 658 

10 touch against the contact part 601 A in general radial di- 
rections of the rotational center at positions that are a 
prescribed distance from the rotational center. The con- 
tact part 601 A is a smooth surface having a concavely 
arced cross sectional shape that is concave with respect 

'5 to the direction from which the abutting part 623 abuts 
thereagainst. 

[0199] The supported part 613 is inserted Into the 
shaft hole 661 from above and the tip portion thereof 
protrudes from the bottom of the shaft hole 661. A G- 

20 ring 619 is fitted onto the tip portion of the supported 
part613suchthatthe rotating body 601 is rotatably sup- 
ported on the base part 604. Also , the play of the rotating 
body 1 01 can be adjusted by adjusting the vertical po- 
sition of the C-ring 619. 

25 [0200] The vibrating mechanism 620 is provided with 
one vibrating body 602 like that of the second embodi- 
ment and one amn part 624. The ami part 624 has a 
rotating member 642 that is rotatably attached to the 
base part 604 and supports the vibrating body 602 and 

30 a pressing force applying part 643 that presses the abut- 
ting part 623 of the vibrating body 602 against the con- 
tact part 601 A of the rotating body 601 . 
[0201 ] The rotating member 642 has a screw hole 648 
at one end and is rotatably supported on the base part 

35 604 by passing a screw 649 through the screw hole 648 
and screwing it into a threaded part 659 of the base part 
604. The other end of the rotating member 642 supports 
the lengthwise middle section of the reinforcing plate 
621 of the vibrating body 602, 

40 [0202] The pressing force applying member 643 is 
generally L-shaped and arranged along the outside of 
the protruding part. One end is supported at the length- 
wise middle section of the reinforcing plate 621 of the 
vibrating body 602 and the other end mates with a pin 

^5 669 provided on the base part 604. 

[0203] The rotating member 642 and the pressing 
force applying member 643 are formed integrally with 
the reinforcing plate 621 of the vibrating body 602. 
[0204] With an amn part 624 thus constituted, the 

50 pressing force applying member 643 can cause the 
abutting part 623 of the vibrating body 602 to rotate 
clockwise about screw hole 648 of the rotating member 
642 and be pressed against the contact part 601 A. 
[0205] In addition to effects (1), (2), (5), and (10) of 

55 the first embodiment and effects (12) and (15) to (17) of 
the second embodiment, this embodiment also provides 
the following effects. 

[0206] (23) This embodiment has one vibrating body 
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602 and Is also provided with one guide roller 657 and 
one guide part 658. The vibrating body 602, the guide 
roller 657, and the guide part 658 are arranged at equal 
intervals along the contact part 601 A of the rotating body 
601 . Consequently, the vibrating body 602, the guide 
roller 657, and the guide part 658 can push against the 
contact part 601 A of the rotating body 601 with equal 
forces in a balanced manner. As a result, the rotational 
axis of the rotating body 601 is prevented f ronn deviating 
off center and the rotary drive device 600 can be driven 
in a stable manner. 

[0207] (24) Since does not have a ball bearing assem- 
bly and has only one vibrating body 602, the rotary drive 
device 600 can be reduced in size and cost. 
[0208] (25) The rotary drive device 600 is particularly 
useful in a motor for toys, a general-purpose motor, or 
a thin vibration motor. 

SEVENTH EMBODIMENT 

[0209] A seventh embodiment of the present inven- 
tion will now be described in reference to Figures 1 9 and 
20. Figure 19 is a top plan view showing a rotary drive 
device 700 in accordance with the seventh embodiment 
of the present invention, while Figure 20 is a cross sec- 
tional view of the rotary drive device 700 shown in Figure 
19. In the following description, such words as "upper," 
"above," "lower," and "below" refer to the respective di- 
rections of the rotary drive device 700 as it is shown in 
Figure 20. 

[021 0] This rotary drive device 700 is installed, for ex- 
ample, as the drive unit for an electric-powered bicycle. 
A wheel of the electric bicycle is rotated by a belt 701 C 
that mates with the outer circumference of the rotating 
body 701 . 

[021 1 ] This rotary drive device 700 does not have the 
ball bearing assembly,but similariy to the rotary drive de- 
vice 200 of the second embodiment, it is provided with 
a base part 704, a rotating body 701 , and a vibrating 
mechanism 720. 

[021 2] The base part 704 includes a disc-shaped low- 
er base part 771 and an upper base part 772 that is at- 
tached to the top of the lower base part 771 . The lower 
base part 771 and the upper base part 772 do not have 
a shaft hole or a protruding part, but similarly to the base 
part 204 of the second embodiment, they do have a plu- 
rality of openings 763. 

[0213] The lower base part 771 has a pair of guide 
parts 773 that touch against the contact part 701 A of the 
rotating body 701 and serve to guide the rotating body 
701 and a pair of upper base part bearings 774 that pro- 
trude upward from the upper surface of the lower base 
part 771. The guide parts 773 guide the rotating body 
701 by being In sliding contact with the contact part 
701 A. 

[0214] The lower base part 771 and the upper base 
part 772 have a plurality of pinch-holding parts 771 A and 
772A, respectively, provided on their inwardly facing 



sides of the outer circumferential portions thereof. The 
pinch-holding parts 771 A of the lower base part 771 and 
the pinch-holding parts 772A of the upper base part 772 
pinch-hold the rotating body 701 and prevent the rotat- 
* ing body 701 from shifting position along the direction 
of its rotational axis. 

[0215] A protrusion 775 is fonned on the upper sur- 
face of each guide part 773 and the upper surface of 
each upper base part bearing 774. The protrusions 775 
0 fit into holes 776 formed in the upper base part 772 so 
that the lower base part 771 and the upper base part 
772 are coupled together with the guide parts 773 and 
the upper base part bearings 774 sandwiched there-be- 
tween. 

'5 [0216] The base part 704 is made by injection molding 
using a mixture of polyacetal, polyamide and polyolef In 
or other material with good lubricating characteristics 
and a strengthening material comprising potassium ti- 
tanate particles that are approximately 0.3 micrometers 

20 in diameter and 3 to 5 micrometers in length. 

[0217] The rotating body 701 is annulariy shaped and 
is anranged along an outer circumferential portion of the 
base part 704. A contact part 701 A is formed on the in- 
ner circumferential surface of the rotating body 701 and 

2$ teeth 701 B are fomned on the outer circumferential sur- 
face of the same so as to form a toothed pulley 
[0218] The abutting part 723 of the vibrating mecha- 
nism 720 (discussed later) and the guide parts 773 
touch against the contact part 701 A from the general 

30 direction of the rotational center at positions that are a 
prescribed distance from the rotational center. As a re- 
sult, the rotating body 701 is supported by the abutting 
part 723 and the guide parts 773 at positions that are a 
prescribed distance from the rotational axis and thereby 

35 prevented from shifting position in a direction that inter- 
sects the rotational axis. In a cross sectional view, the 
contact part 701 A is a flat surface Instead of a concave 
arc shaped surface. 

[0219] The belt 701 C is wrapped around the outside 
40 circumference of the rotating body 701 . The belt 701 C 
is a toothed belt having teeth 701 D on its inside surface. 
These teeth 701 D mesh with the teeth 701 B of the ro- 
tating body 701 such that power is transmitted to the belt 
701 C from the outer circumferential portion of the rotat- 
es Ing body 701 . 

[0220] Although the rotating body 701 and the belt 
701 C of this embodiment form a combination of a 
toothed pulley and a toothed belt, other an-angements 
are also acceptable, e.g.. a V-pulley and a V-belt, a flat 
so pulley and a flat belt, or a sprocket and chain. . 

[0221 ] The vibrating mechanism 720 is provided with 
a vibrating body 702 and an arm part 724. Referring both 
to Figures 1 9 and 20, the vibrating body 702 comprises 
a reinforcing plate 721 that is generally rectangular in 
55 shape, and a pair of flat plate-shaped piezoelectric ele- 
ments 722 that are provided on the front and back sur- 
faces of the reinforcing plate 721 . The reinforcing plate 
721 has an abutting part 723 fomned integrally on the 
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reinforcing plate 721 , with the ami part 724 formed in- 
tegrally on the long sides of the reinforcing plate 721. 
The arm part 724 has a rotating member 742 and a 
pressing force applying member 743. The pressing 
force applying member 743 is straight in form and ar- 
ranged such that it is supported at one end at the length- 
wise middle section of the reinforcing plate 721 of the 
vibrating body 702 and the other end is contacted by the 
tip end of a spring 777 mounted In a guide part 773 of 
the base part 704. The vibrating body 702 is identical to 
the vibrating body 2 of the first embodiment. 
[0222] In addition to effects (1), (2), (5), (7), (9) and 
(1 0) of the first embodiment, effects (1 2) and (1 7) of the 
second embodiment, effect (21) of the fourth embodi- 
ment, and effect (23) of the fifth embodiment, this em- 
bodiment also provides the following effects. 
[0223] (26) Although the configuration Is different 
from the first embodiment, this embodiment provides a 
similar effect to effect (3) of the first embodiment be- 
cause the spring 777 presses the vibrating body 702 to- 
ward the rotating body 701 . More specif icalty, the abut- 
ting part 723 can be pressed reliably against the contact 
part 701 A and the rotating body 701 can be rotated re- 
liably. As a result, the rotary drive device 700 can be 
driven in a stable manner. 

[0224] Also, when the rotating body 701 is stopped, 
unnecessary rotation of the rotating body 701 can be 
suppressed when an external rotary force acts thereon 
because the abutting part 723 touches against the con- 
tact part 701 A of the rotating body 701 and act as a stop- 
per that resists rotation of the rotating body 701 . 
[0225] (27) Since the abutting part 723 of the vibrating 
body 702 and the guide part 773 support the rotating 
body 701 at positions that are a prescribed distance 
from the rotational axis, the vibrating body 702 can be 
arranged on the rotational axis and the space inside the 
rotating body 701 can be utilized more effectively than 
in cases where the rotating body is supported about its 
rotational axis. As a result, the size of the rotary drive 
device 700 can be further reduced. 
[0226] (28) The rotary drive device 700 can be used 
as a thin motor for such applications as driving the turn- 
table of a record player and driving a power window of 
a car. 

EIGHTH EMBODIMENT 

[0227] An eighth embodiment of the present invention 
will now be described in reference to Figure 21 . Figure 
21 is a cross sectional view of a rotary drive device 800 
in accordance with the eighth embodiment of the 
present invention. This rotary drive device 800 is basi- 
cally the same as the rotary drive device 700 of the sev- 
enth embodiment, but slightly modified to be applied to 
the drive mechanism of an electric scooter. Preferably, 
the rotary drive device 800 is mounted to a scooter with 
suspension and the like. In other words, only the base 
part 804 and the rotating body 801 A of this rotary drive 



device 800 are different from the seventh embodiment. 
[0228] The base part 804 is similar to the base part 
704 of the seventh embodiment, except that the manner 
in which a lower base part 871 and an upper base part 

5 872 are coupled together is different in this embodiment. 
In this embodiment, a screw 878 is passed through a 
hole 876 in the upper base part 872 and screwed into 
the upper surfaces of a plurality of guide parts 873 and 
a plurality of upper base part bearings (not shown in this 

10 embodiment) of the base part 804 so that the lower base 
part 871 and the upper base part 872 are coupled to- 
gether with the guide parts 873 and Its upper base part 
bearings (see the seventh embodiment) sandwiched 
therebetween. 

15 [0229] Also, the lower base part 871 and upper base 
part 872 are not provided with the pinch-holding parts 
811 and 821 of the seventh embodiment and, instead, 
are provided with grooves 871 A and 872A, which follow 
along the rotating body 801 . 

20 [0230] The rotating body 801 has a disc-shaped 
wheel part 805 and a tire 806 mounted on the outside 
circumference of the wheel part 805. The wheel part 805 
has grooves 807 and 808 that follow along the groove 
871 A in the lower base part 871 and the groove 872A 

25 in the upper base part 872. 

[0231] Several balls 813 are arranged between the 
grooves 871 A and 807 and between the grooves 872A 
and 808, thus forming a structure similar to that of a 
thrust bearing. 

30 [0232] Referring to Figure 21 , the vibrating body 802 
comprises a reinforcing plate 821 that is generally rec- 
tangular in shape, and a pair of flat plate-shaped piezo- 
electric elements 822 that are provided on the front and 
back surfaces of the reinforcing plate 821 . The reinforc- 
es ing plate 821 has an abutting part 823 formed integrally 
on the reinforcing plate 821 , and an arm part fomned in- 
tegrally on the long sides of the reinforcing plate 821 as 
in the seventh embodiment. 

[0233] This embodiment provides the same effects as 
40 the seventh embodiment. 

NINTH EMBODIMENT 

[0234] A ninth embodiment of the present invention 
45 will now be described in reference to Figure 22. Figure 
22 is a cross sectional view of a rotary drive device 900 
in accordance with the ninth embodiment of the present 
invention. In the following description, such words as 
"upper," "above," "lower," and "below" refer to the re- 
50 spective directions of the rotary drive device 900 as it is 
shown in Figure 22. 

[0235] This rotary drive device 900 Is built Into, for ex- 
ample, a timepiece and delivers rotational motion for 
driving an indicator hand. The rotating body 901 has a 
55 toothed wheel on its outer circumference and forms a 
portion of a wheel train. 

[0236] Similarly to the rotary drive device 200 of the 
second embodiment, the rotary drive device 900 of this 
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embodiment has a base part 904. a ball bearing assem- 
bly 946, a rotating body 901 , and a vibrating mechanism 

920. 

[02371 The base part 904 Is disc-shaped and has an 
upwardly-protruding internally threaded part 979 fomned 
at its center and an upwardly-protruding support part 
972 formed around the circumference of the internally 
threaded part 979. The internally threaded part 979 is 
used for mounting the rotary drive device 900 to another 
device. 

[0238] The ball bearing assembly 946 comprises a cy- 
lindrical outside bearing 964, a cylindrical inside journal 
965 that is arranged on the inside of the bearing 964, 
and a plurality of balls 966 arranged between the bear- 
ing 964 and the journal 965. As a result, the journal 965 
rotates freely with respect to the bearing 964 about the 
center axis of the bearing 964. The ball bearing assem- 
bly 946 is constructed similarly to the ball bearing as- 
sembly 246 of the second embodiment, but it is different 
in that the inside journal 965 is fitted around the outside 
circumference of the base part 904. 
[0239] Similarly to the rotating body 201 of the second 
embodiment, the rotating body 901 of this embodiment 
has amain rotating body portion 911 and an annular part 
912. 

[0240] The main rotating body portion 911 does not 
have a supported part or an output shaft as in the second 
embodiment, but it does have a plurality of openings 9 1 5 
and a passage hole 916 fomned at its center. The shaft 
bearing 964 of the ball bearing assembly 946 is fitted 
into the passage hole 91 6 of the main rotating body por- 
tion 911 and thereby secured. As a result, the rotating 
body 901 is rotatably supported on the base part 904 
through the ball bearing assembly 946. 
[0241 ] The annular part 91 2 has a contact part 901 A. 
This contact part 901 A is fomned on the upper part of 
the main rotating body portion 911. 
[0242] The vibrating mechanism 920 is configured 
similarly to the vibration mechanism of the third embod- 
iment, except that the structure of the rotating member 
Is different. The vibrating mechanism 920 has three vi- 
brating bodies 902, with each vibrating body 902 com- 
prising a reinforcing plate 921 that is generally rectan- 
gular in shape, and a pair of fiat plate-shaped piezoe- 
lectric elements 922 that are provided on the front and 
back surfaces of the reinforcing plate 921 . The reinforc- 
ing plate 921 has an abutting part 923 formed integrally 
on the reinforcing plate 921 , and an arm part 924 formed 
integrally on the long sides of the reinforcing plate 921 
similar to the third embodiment. The amn part 924 in- 
cludes a rotating member 942. 

[0243] The rotating member 942 in this embodiment 
does not have a rotating member main body 342A like 
in the third embodiment. However, instead, the rotating 
member 942 in this embodiment only has a support part 
942B. Consequently, the "other" end of the pressing 
force applying member 943 Is stopped against the sup- 
port part 942B of the rotating member 942. 



[0244] The rotating member 942 has an oversized 
hole (not shown) fonmed along a circle that is concentric 
with the rotating member 901 . Screws 927 are passed 
through the oversized hole and screwed into the upper 

5 surface of the support part 972. 

[0245] With an arm part 924 thusly constituted, the 
pressing force applying member 943 can cause the 
abutting part 923 of the vibrating body 902 to rotate 
clockwise about rotational axis of the rotating body 901 

10 and be pressed against the contact part 901 A. 

[0246] In addition to effects (1), (2), (5), (6), (7) and 
(1 0) of the first embodiment and effects (1 2) to (1 5) and 
(1 7) of the second embodiment, this embodiment also 
provides the following effect. 

15 [0247] (29) The rotary drive device 900 can be used 
in floppy disc drives (FDDs), thin vibration motors, and 
other applications requiring a thin direct-drive motor. 
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[0248] A tenth embodiment of the present invention 
will now be described in reference to Figures 23 and 24. 
Figure 23 is a plan view of a rotary drive device 1000 in 
accordance with the tenth embodiment of the present 

25 Invention, while Figure 24 is a cross sectional view of 
the rotary drive device 1000 shown In Figure 23. In the 
following description, such words as "upper," "above," 
"lower," and "below" refer to the respective directions of 
the rotary drive device 1000 as it is shown in Figure 24. 

30 [0249] Similarly to the rotary drive device 200 of the 
second embodiment, this rotary drive device 1000 has 
a base part 1004, a ball bearing assembly 1046, a ro- 
tating body 1 001 , and a vibrating mechanism 1 02O.This 
rotary drive device 1 000 is uses as an axial-flow fan in 

35 which the rotating body 1 001 rotates and blows air. It is 
installed in, for example, a computer to cool the internal 
components of the computer. 

[0250] The base part 1004 has a shaft hole 1061 , a 
protruding part 1062, a plurality of openings 1063, two 
40 guide parts 1 058 constructed similarly to the guide part 
of the sixth embodiment, and a pair of fixing parts 1 009 
for attaching the rotary drive device 1 000 to another de- 
vice. The guide parts 1058 are different from the guide 
part of the sixth embodiment in that they do not touch 
45 against the contact part 1001 A, but rather, against the 
annular part 1012 of the rotating body 1001 . 
[0251] The two guide parts 1058 and the vibrating 
mechanism 1020 (discussed later) are arranged at 
equal intervals around the contact part 1001 A of the ro- 
se tating body 1001. More specifically, the vibrating body 
1002 and the guide parts 1 058 are arranged in positions 
con'esponding to the vertices of an equilateral triangle. 
[0252] The rotating body 1 001 is constructed similarty 
to the rotating body 2001 of the second embodiment, 
55 except that the structure of the main rotating body por- 
tion 1011 Is different. 

[0253] In this embodiment, the main rotating body 
portion 1011 has a disc-shaped part 1011A and a collar 
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part 1011B that extends from an outer circumferential 
portion of the disc-shaped part 1011 A toward the base 
part 1 004. The disc-shaped part 1 01 1 A of main rotating 
body portion 1011 does not have the output shaft of the 
second embodiment but it does have a plurality of open- 
ings 1015 and a supported part 1013. It also has fins 
1011C that extend upward fronn the openings 1015. 
Thus, the rotating body 1 001 comprises an axial-flow 
fan. 

[0254] The supported part 1013 Is inserted into the 
journal 1065 of the ball bearing assembly 1046 from 
above and Its tip portion protrudes from the bottom of 
the journal 1 065. A C-ring 1 01 9 is fitted onto the tip por- 
tion of the supported part 1013 such that the rotating 
body 1 001 is rotatably supported on the base part 1 004. 
[0255] With this kind of main rotating body portion 
1011, the openings 1 01 5 of the disc-shaped part 1 01 1 A, 
the fins 1011C, and the collar part 1011 B are formed in 
an integral manner by deep drawing or press forming a 
thin piece of sheet metal. However, thefomriing method 
is not limited to deep drawing and press fomning; it is 
also acceptable to use Injection molding so that the sup- 
ported part 1 013 is also fomned integrally. By doing so, 
the rotating body 1 001 can be reduced in both weight 
and cost. 

[0256] The annular part 1 01 2 is provided along the in- 
ternal surface of the collar part 101 1 B of the main rotat- 
ing body portion 1011 . 

[0257] The vibrating mechanism 1020 is constructed 
similarly to the vibrating body mechanism 620 of the 
sixth embodiment. The vibrating mechanism 1020 has 
a single vibrating body 1 002 that comprises a rei nf orcing 
plate 1021 that is generally rectangular In shape, and a 
pair of flat plate-shaped piezoelectric elements 1022 
that are provided on the front and back surfaces of the 
reinforcing plate 1021 . The reinforcing plate 1021 has a 
pair of protrusions 1023A and 1023B with an abutting 
part 1 023 fomned integrally the protrusion 1 0238 of the 
reinforcing plate 1021 , and an arm part 1 024 formed in- 
tegrally on the long sides of the reinforcing plate 1021 
similar to the sixth embodiment. The ami part 1024 in- 
cludes a rotating member 1042. The rotating member 
1042 has a screw hole at one end and is rotatably sup- 
ported on the base part 1 004 by passing a screw 1 049 
through the screw hole and screwing it into a threaded 
part of the base part 1 004. The other end of the rotating 
member 1042 supports the lengthwise middle section 
of the reinforcing plate 1 021 of the vibrating body 1 002. 
The pressing force applying member 1043 is generally 
L-shaped and arranged along the outside of the protrud- 
ing part. One end is supported at the lengthwise middle 
section of the reinforcing plate 1 021 of the vibrating body 
1 002 and the other end mates with a pin 1 069 provided 
on the base part 1 004. 

[0258] The ball bearing assembly 1 046 comprises a 
cylindrical outside bearing 1064, a cylindrical inside 
journal 1 065 that is arranged on the inside of the bearing 
1 064, and a plurality of balls 1 066 arranged between the 



bearing 1 064 and the journal 1 065. As a result, the jour- 
nal 1 065 rotates freely with respect to the bearing 1 064 
about the center axis of the bearing 1064. 
[0259] In addition to effects ( 1 ) , (2) , (5) , and (6) of the 
5 first embodiment, effects (12) and (15) to (17) of the sec- 
ond embodiment, and effect (23) of the sixth embodi- 
ment, this embodiment also provides the following ef- 
fect. 

[0260] (30) Since the rotating body 1001 Is an axial- 
flow fan, air can be forcefully delivered and exhausted 
to and from the inside of the rotary drive device by ro- 
tating the rotating body 1001. As a result, the inside of 
the rotary drive device 1 000 can be cooled and the tem- 
perature of the area surrounding the piezoelectric ele- 
ments 1 022 can be prevented from rising severely, thus 
allowing the rotary drive device 1000 to be driven In a 
stable manner. 

[0261] More particularly, since openings 1063 are 
provided in the base part 1 004, air can pass easily in 
and out through the openings 1 063 and the rotary drive 
device can be driven in an even more stable manner. 

ELEVENTH EMBODIMENT 

[0262] An eleventh embodiment will now be de- 
scribed in reference to Figures 25. 26, and 27. Figure 
25 is a top plan view of a rotary drive device 1100 in 
accordance with the eleventh embodiment of the 
present Invention. Figure 26 is a cross sectional view of 
the rotary drive device 1100 taken along line VI-VI of 
Figure 25, while Figure 26 is a cross sectional view of 
the rotary drive device 1100 taken along line VII-VM of 
Figure 25. 

[0263] As shown in Figures 25, 26 and 27, this rotary 
drive device 11 00 is the same as the rotary drive device 
1 of the first embodiment, but provided with a pressing 
force adjusting device 8. In view of the similarity be- 
tween the first and eleventh embodiments, the parts of 
the eleventh embodiment that are identical or substan- 
ce tially identical in function to the parts of the first embod- 
iment will be given the same reference numerals as the 
parts of the first embodiment. Moreover, the descrip- 
tions of the parts of the eleventh embodiment that are 
identical or substantially identical in function to the parts 
C5 of the first embodiment may be omitted for the sake of 
brevity. The pressing force adjusting device 8 is config- 
ured and arranged to manually adjust the pressing force 
applied to the rotating body 1 01 by the vibrating body 2. 
[0264] This rotary drive device 11 00 is installed in, for 
50 example, a toy car with a rubber ring installed around 
the outer circumference of the rotating body 101 to serve 
as a tire. 

[0265] The pressing force adjusting device 8 compris- 
es two guide parts 8A that support the end parts of 
55 springs 34 in such a manner that the springs can elon- 
gate and contract and eccentric pins 8B that adjust the 
pressing force of the springs 34. 
[0266] Each guide part 8A Is fixed to the base part 4 
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and allows the abutting pin 33B to pass through the Inner 
circumference thereof. The abutting pin 33B has one 
end of the spring 34 is secured thereto, and is supported 
in the guide part 8A such that it can slide in the direction 
In which the spring 34 elongates and contracts. 
[0267] Each eccentric pin 8B comprises a turning 
shaft SB and a solid-cylindrical flange part 8B that is ec- 
centric with respect to the turning shaft. The turning 
shaft 8B has external threads that nnesh with the thread- 
ed part 44D of the base part 4 such that the eccentric 
pin 88 is turnably supported on the base part 4. The lat- 
eral surface of the flange part 8B touches against the tip 
end of the abutting pin 338 of the spring 34. The top 
surface of the flange part 88 is provided with a recessed 
operating groove 8B into which a screwdriver or the like 
can be inserted. 

[0268] Thus, one end of each spring 34 abuts against 
the support body 3 and the other end of each spring 34 
is secured to the abutting pin 338, which abuts against 
the lateral surface of the flange part 88 . The springs 34 
push the support body 3 toward the rotating body 101 
and, thus, the abutting part 23 of the vibrating body 2 is 
pressed against the rotating body 101 with an appropri- 
ate pressing force. In short, the pressing force adjusting 
device 8 functions as an "abutting force" adjusting 
means that adjusts the pressing force with which the vi- 
brating body 2 abuts against the rotating body 101 . 
[0269] The base part 4 is not provided with a substrate 
similar to that of the first embodiment. Instead, the elec- 
trodes 22A, 228 and 22C and the reinforcing plate 21 
of the vibrating body 2 are each provided with a lead 
wire connected to an energizing device {not shown) pro- 
vided on the opposite side of the base part 4 as the vi- 
brating body 2. 

[0270] The plurality of balls 44A arranged at equal in- 
tervals around the inner circumference of the rotating 
body 101 are housed in a groove 1 25 fomned in the inner 
circumference of the rotating body 1 01 by being pinched 
between the groove 125, a slanted portion fomned on 
the outer circumference of the base part 4, and a slanted 
portion formed on an annular pressing plate 44C that Is 
fixed to the base part 4. The annular ball holding part 
44B is disposed between the base part 4 and the press- 
ing plate 44C. Generally semicircular notches equal in 
number to the balls 44A are f onmed In the outer circum- 
ference of the ball holding part 44B. The balls 44A are 
arranged in these notches and thereby held at a pre- 
scribed spacing around the outer circumference of the 
base part 4. 

[0271] This rotary drive device 1 operates as follows. 
An AC voltage is applied to the piezoelectric elements 
22 of the vibrating body 2 by the energizing device and 
the vibrating body 2 vibrates. When the voltage is ap- 
plied only to electrodes 22A and 22C. the vibrating body 
2 undergoes longitudinal vibration and bending vibration 
simultaneously and vibrates along a generally elliptical 
path. The abutting part 23 presses against the contact 
part 101 A of the rotating body 101 as it moves through 



a portion of the elliptical path and the friction force it ap- 
plies against the rotating body 101 intermittently causes 
the rotating body 1 01 to rotate in the circumferential di- 
rection. By repeating this action at a prescribed frequen- 
5 cy, the rotating body 101 can be rotated at a prescribed 
rotational speed In a single direction. 
[0272] the rotational speed of the rotating body 1 01 
is changed by operating the pressing force adjusting de- 
vice 8. For example, in order to reduce the rotational 
10 speed of the rotating body 1 01 , a screwdriver or the like 
is mated with the operating grooves 88 of the eccentric 
pins 8B and the eccentric pins 88 are turned such that 
the springs 34 become longer. More specifically, by turn- 
ing the eccentric pins 88 to a position where the distance 
15 from the turning shaft 88 to the lateral surface of the 
flange part 8B is shorter, the abutting pins 338. which 
follow said lateral surface, move in such a manner that 
the springs 34 elongate and the force with which the 
springs 34 press against the support body 3 is relaxed. 
20 This pressing force is transmitted to the vibrating body 
2 through the support body 3 and the force with which 
the abutting part 23 of the vibrating body 2 presses 
against the rotating body 101 decreases. As a result, 
the portion of the elliptical path along which the abutting 
25 part 23 can contact the rotating body 1 01 and drive the 
rotating body 101 with a friction force is shortened and 
the rotational torque transmitted is reduced, thus de- 
creasing the rotational speed of the rotating body 101. 
[0273] Conversely, In order to increase the rotational 
30 speed of the rotating body 101, the eccentric pins 8B 
are turned such that the springs 34 are compressed. 
When this is done, the force with which the abutting part 
23 presses against the rotating body 1 01 increases, the 
transmitted rotational torque increases, and the rota- 
35 tional speed of the rotating body 101 increases. 

[0274] When the rotating body 1 01 is to be rotated in 
the opposite direction, the electrodes of the piezoelec- 
tric elements 22 to which the voltage is applied are 
switched in a linearly symmetrical manner with respect 
40 to the longitudinal centeriine of the vibrating body 2. In 
other words, a voltage of a prescribed frequency is ap- 
plied to the electrodes 22A and 228 of the piezoelectric 
elements 22 and the abutting part 23 is made to vibrate 
through an elliptical path oriented in the opposite direc- 
ts tion. As a result, the rotating body 1 01 is driven so as to 
rotate In the opposite direction. 

[0275] In addition to effects (1) to (6) and (9) to (11) 
of the first embodiment, the eleventh embodiment also 
provides the following effects. 

50 [0276] (31) Since the rotary drive device 1101 is pro- 
vided with a pressing force adjusting device 8, the mo- 
tion speed of the rotating body 1 01 can be adjusted eas- 
ily by adjusting the force with which the vibrating body 
2 presses against the rotating body 101 . Since the vi- 

55 brating body 2 abuts against the rotating body 101 con- 
tinuously at a prescribed frequency, the unstable vibra- 
tional state associated with energizing and stopping the 
vibrating body 2 can be eliminated. Thus the vibrating 
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body 2 can always maintain stable contact with the ro- 
tating body 101 and declining of the rotational torque 
(drive force) can be prevented. 

[0277] (32) Since the pressing force adjusting device 
is provided with the guide parts 8A and the eccentric 
pins 8B, the pressing force can be adjusted easily by 
sinnply twisting the operating grooves 8B and thereby 
turning the eccentric pins 8B. Also, the pressing force 
can be adjusted in a stepless manner by adjusting the 
turning angle of the eccentric pins 88 because the 
flange parts 88 are formed in a cylindrical shape. Thus, 
If scales were drawn on the base part 4 around the pe- 
rimeters of the eccentric pins 88, the desired pressing 
force could be obtained at anytime. Additionally, the rate 
at which the pressing force changes with respect to the 
turning angle of the eccentric pins 88 can be established 
by appropriately selecting the shape, I.e., In this embod- 
iment, the radius of the cylindrical shape, of the lateral 
surface of the flange part 88 . In this way, fine tuning of 
the pressing force can be accomplished with ease. 
[0278] Furthermore, since the pressing force can be 
adjusted by hand by manually tuming the eccentric pins 
8B, the pressing force adjusting device 8 constructed 
with a simple structure. As a result, the rotary drive de- 
vice 1101 is easy to maintain and can be manufactured 
inexpensively. 

[0279] (33) Since the abutting part 23 of the vibrating 
body 2 abuts against the inner circumference of the ro- 
tating body 1 01 , the vibrating body 2 can be housed on 
the inside of the rotating body 101 . This helps promote 
size reduction of the rotary drive device 1100. 
[0280] (34) Since there are two springs 34 and two 
eccentric pins 8B (i.e., two pressing force adjusting de- 
vice 8 provided with respect to one vibrating body 2, the 
load placed on each spring 34 and each eccentric pin 
88 can be reduced and the durability of these members 
can be improved. Since the spring force required from 
each spring 34 is smaller, springs whose spring force 
changes at a smaller rate can be selected to facilitate 
fine tuning of the pressing force. 

TWELFTH EMBODIMENT 

[0281 ] A twelfth embodiment of the present invention 
will now be described in reference to Figure 28 and Fig- 
ure 29. Figure 28 is a top plan view of a rotary drive 
device 1200 in accordance with the twelfth embodiment 
of the present invention, while Figure 29 Is a cross sec- 
tional view of the rotary drive device 1 200 shown in Fig- 
ure 28. The rotary drive device 1200 shown in Figures 
28 and 29 has a different pressing force adjusting device 
80 than the eleventh embodiment. In other words, this 
rotary drive device 1200 is the same as the rotary drive 
device 1 1 00 of the eleventh embodiment, except that 
the pressing force adjusting device 80. In view of the 
similarity between the eleventh and twelfth embodi- 
ments, the parts of the twelfth embodiment that are iden- 
tical or substantially identical In function to the parts of 



the eleventh embodiment will be given the same refer- 
ence numerals as the parts of the eleventh embodiment. 
Moreover, the descriptions of the parts of the twelfth em- 
bodiment that are identical or substantially identical in 

5 function to the parts of the eleventh embodiment may 
be omitted for the sake of brevity. 
[0282] This rotary drive device 1200 is, for example, 
made into a cooling fan by attaching a fan to the rotating 
body 101 and used to cool components of a computer 

10 that become hot. 

[0283] A recessed part 44E is formed in the base part 
4 so as to generally follow the contour of the support 
body 3. The one end of each spring 34 is fixed to a spring 
mounting part 44F that is provided so as to protrude from 

15 the recessed part 44E. The springs 34 push the support 
body 3 toward the rotating body 101 with a preset spring 
force. 

[0284] The pressing force adjusting device 80 is pro- 
vided with a magnet 83 that is fixed to the support body 

20 3 and a coil 84 that is fixed to the base part 4. A magnet 
mounting part 32B is formed integrally In the support 
body 3 at the end thereof that is far from the abutting 
part 23 of the vibrating body 2. The magnet mounting 
part 328 has a prescribed spacing with respect to the 

25 base part 4 and a surface that is parallel to the base part 
4. The magnet 83 is fitted into the surface of the magnet 
mounting part 32B that faces the base part 4. 
[0285] The coil 84 is formed by winding a conductive 
wire into a cylindrical form and its center axis is perpen- 

30 dicular to the surface of the magnet mounting part 32B. 
it is fixed in a position generally facing the magnet 83. 
The magnet 83 and coll 84 are aligned along the direc- 
tion in which the vibrating body 2 approaches toward 
and retracts from the rotating body 101 and the magnet 

55 83 is positioned closer to the abutting part 23 than is the 
coil 84. On the opposite side of a hole 44G provided in 
the base part 4, the ends of the conductive wire of the 
coil 84 are connected to a current generating device (not 
shown) that delivers current to the coil 84. 

40 [0286] With this rotary drive device 1200, the rotating 
body 1 01 rotates when a repetitive voltage is applied to 
the piezoelectric elements 22 and the vibrating body 2 
vibrates. The abutting part 23 of the vibrating body 2 is 
pressed against the rotating body 101 by the pressing 

45 force of the springs 34. In order to adjust the force with 
which the abutting part 23 presses against the rotating 
body 1 01 , the current generating device is turned ON 
and current is fed to the coi! 84. A magnetic field is gen- 
erated in the coil 84 and this magnetic field pulls the 

so magnet 83 such that the support body 3 moves away 
from the rotating body 101 against the force of the 
springs 34. As a result, the force with which the abutting 
part 23 presses against the rotating body 101 relaxes 
and the rotational speed of the rotating body 101 de- 

55 creases. 

[0287] In addition to effects (1) to (6) and (9) to (11) 
of the first embodiment and effects (31) and (33) of the 
eleventh embodiment, the twelfth embodiment also pro- 
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vides the following effect. 

[0288] (35) Since the pressing force adjusting device 
80 is provide witli the magnet 83 and the coil 84, the 
pressing force can be adjusted easily by passing a cur- 
rent through the coil 84. Since the pressing force can be 
adjusted in an automated nnanner even when the rotat- 
ing body 101 is rotating, the rotational speed of the ro- 
tating body 101 can be changed while it is rotating. Con- 
sequently, the rotational speed of the rotary drive device 
1200 can be adjusted In a flexible manner and the ap- 
plicability of the rotary drive device 1200 can be broad- 
ened. 

[0289] Additionally, since the pressing force adjusting 
device 80 comprises a magnet 83 and a coil 84, there 
is no sliding contact between the components when the 
pressing force is adjusted. As a result, part wear is re- 
duced and the durability of the rotary drive device 1200 
can be improved. 

THIRTEENTH EMBODIMENT 

[0290] A thirteenth embodiment of the present inven- 
tion will now be described in reference to Figures 30 and 
31 . Figure 30 is a top plan view of a rotary drive device 
1300 in accordance with the thirteenth embodiment of 
the present invention, while Figure 31 is a cross section- 
al view of the rotary drive device 1300 shown in Figure 
30. The thirteenth embodiment is the same as the rotary 
drive device 700 of the seventh embodiment except that 
a pressing force adjusting device 780. In view of the sim- 
ilarity between the seventh and thirteenth embodiments, 
the parts of the thirteenth embodiment that are identical 
or substantially identical in function to the parts of the 
seventh embodiment will be given the same reference 
numerals as the parts of the seventh embodiment. 
Moreover, the descriptions of the parts of the thirteenth 
embodiment that are identical or substantially identical 
in function to the parts of the seventh embodiment may 
be omitted for the sake of brevity. 
[0291] Similariy to the seventh embodiment, this ro- 
tary drive device 1300 is used, for example, as the drive 
unit for an electric-powered bicycle. 
[0292] In Figures 30 and 31 , the piezoelectric ele- 
ments 722 on the front and back surfaces of the vibrating 
body 702 are provided with five electrodes 722A. 722B, 
722C with grooves 725A and 7258 in the same manner 
as In the first embodiment. The rotating member 742 
that comprises one end of the arm part 724 is secured 
to the base part 704 with the screw 749. and the press- 
ing force applying member 743 that comprises the other 
end. 

[0293] The pressing force adjusting device 780 basi- 
cally includes a guide part 781 and an eccentric pin 782 
with a flange part 783 and a recessed operating groove 
784. The pressing force adjusting device 780 adjusts the 
pressing force of the spring 777 against the pressing 
force applying member 743. In particular, the pressing 
force applying member 743 has one end of the spring 



777 fixed thereto. The other end of the spring 777 is fixed 
to the abutting pin 733B. The tip end of the abutting pin 
733B abuts against the lateral surface of the flange part 
783 of the eccentric pin 82. The one end of the turning 

5 shaft 785 of the eccentric pin 782 is rotatably supported 
in the base part 704 and the other end passes through 
a hole 776 provided in the upper base part 772 so that 
the tip part is exposed to the outside of the upper base 
part 772. The recessed operating groove 784 is formed 

10 in the tip part of the turning shaft 785 and can be oper- 
ated from the outside of the upper base part 772. Here, 
the fit between the hole 776 and the turning shaft 785 is 
designed to secure sufficient frictional force that the ec- 
centric pin 782 does not tum due to the spring force of 

15 the spring 777 or the vibration of the rotary drive device 
1300. It is also acceptable to provide the hole 776 and 
the turning shaft 785 with screw threads and screw them 
together. 

[0294] The base part 704 is different from the seventh 
20 embodiment in that it is not provided with the openings 
715 and 763. 

[0295] With this rotary drive device 1 300, the rotating 
body 701 rotates while in sliding contact with the guide 
part 773 when a repetitive voltage is applied to the vi- 
25 brating body 702. The teeth 701 D of the belt 701 C mesh 
with the teeth 701 B of the rotating body 701 and the ro- 
tation of the rotating body causes the belt 701 C to move. 
In order to change the rotational speed of the rotating 
body 701 , i.e., change the moving speed of the belt 703, 

30 a screwdriver or the like is mated with the operating 
groove 784 from the outside of the upper base part 772 
and used to tum the eccentric pin 782. The pressing 
force of the spring 777 changes and the vibrating body 
702 swings about the screw 749 so as to move closer 

35 toward or fartherfrom the rotating body 701 . As a result, 
the force with which the vibrating body 702 presses 
against the rotating body 701 changes and the rotating 
speed of the rotating body 701 changes. 
[0296] The thirteenth embodiment also combines the 

40 following effects: effects (1), (2), (5), (7), (9). (10), and 
(11) of the first embodiment, effect (17) of the second 
embodiment, effects (26) to (28) of the seventh embod- 
iment, and effects (31 ) and (34) of the eleventh embod- 
iment. 

45 

FOUFTTEENTH EMBODIMENT 

[0297] A fourteenth embodiment of the present inven- 
tion will now be described in reference to Figures 32 and 

50 33. Figure 32 is an overall view of a car (device) 11 in 
accordance with the fourteenth embodiment of the 
present invention, while Figure 33 is a block diagram of 
selected components of the car 11 . The fourteenth em- 
bodiment preferably applies the previously described 

55 rotary drive device 1 200 in accordance with the present 
invention to a toy car. 

[0298] In Figure 32, the car 11 is provided with a pair 
of front wheels 11 A and 11B, and a pair of rear wheels 
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11 C and 11 D that are attached to a car body 12. The 
front wheels 11 A and 11 B are each provided with a ro- 
tary drive device 1 A and 1 B, respectively in accordance 
with the twelfth embodiment. The front wheels 1 A and 
11B are secured to the car body 12 by axles 40A and 
40B, respectively that are provided at the centers of the 
base parts 4A and 4B. Rubber rings 1 30A and 1 30B are 
fitted in grooves formed around the outer circumference 
of the rotating bodies 1 0OA and 100B and ser^e as tires 
that increase the frictional force between the wheels and 
the ground surface. Meanwhile, the rear wheels 11 C 
and 11 D comprises disc-shaped members having rub- 
ber rings 1 30C and 1 300 fitted around the outer circum- 
ference thereof and are rotatably supported on the car 
body 12. 

[0299] Lead wires connected to the electrodes of the 
vibrating bodies 2A and 2B of the front wheels 11 A and 
118 are passed through holes (not shown) formed 
through the centers of the axles 40A and 40B. As shown 
in Figure 33, the lead wires are connected to a common 
energizing device 60 mounted to the car body 1 2. Also, 
the colls 84A and 84B (see Figure 28) pass through the 
axles 40 A and 40B and connect current generating de- 
vices 65A and 65B of the car body 12. The energizing 
device 60 and the current generating devices 65A and 
66B are electrically connected to a control device 66 that 
controls the operation of the car 1 1 . 
[0300] This car 1 1 operates as follows. The control de- 
vice 66 sends a travel signal to the energizing device 
60, and then the energizing device 60 applies a voltage 
to the vibrating bodies 2A and 2B simultaneously. The 
vibrating bodies 2A and 2B drive the rotating bodies 
1 0OA and 1 0OB at the same rotational speed in the for- 
ward direction of the car 11 and the car 11 moves for- 
ward. When a low-speed travel signal is issued from the 
control device 66, the current generating devices 65A 
and 65B receive the signal to turn ON, and deliver cur- 
rent to the coils B4A and 84B. As a result, the force with 
which the vibrating bodies 2A and 2B press against the 
rotating bodies 100A and 100B is adjusted and the 
traveling speed decreases. 

[0301 1 When a right turn signal is issued from the con- 
trol device 66, the cun'ent generating device 65A turns 
OFF and the cunent generating device 65B turns ON. 
More specifically, the pressing force for the front wheel 
11B only is adjusted such that the rotational speed of 
the right wheel 11B is slower than the rotational speed 
of the left wheel 11 A. As a result, the car 11 turns to the 
right. Meanwhile, in order to turn left, the current gener- 
ating device 65A turns ON and the current generating 
device 65B turns OFF. As a result, the left front wheel 
1 1 A rotates more slowly and the car 1 1 turns to the left. 
[0302] When a reverse signal Is issued from the con- 
trol device 66, the energizing device 60 changes which 
electrodes of the vibrating bodies 2A and 2B it energizes 
and the vibrating bodies 2A and 2B vibrate in the oppo- 
site direction. As a result, the rotating bodies 1 0OA and 
100B rotate in the opposite direction and the car 11 



moves backward. Low -speed travel, right turn, and left 
turn can also be executed during reverse travel by issu- 
ing signals from the control device 66. 
[0303] The fourteenth embodiment uses the rotary 

5 drive device 1200 from the twelfth embodiment, and 
therefore, provides effects that are similar to the effects 
of the twelfth embodiment. Since the rotary drive device 
1200 uses a vibrating body having a piezoelectric ele- 
ment, the rotary drive device 1200 can be made with a 

10 thin profile and can be mounted on such small compo- 
nents as a wheel of the car 11 . Since the car body 12 is 
provided with the control device 66 that controls the op- 
eration of the energizing device 60 and the current gen- 
erating devices 65, the car 11 can be operated in an au- 

1^ tomated manner by controlling timing at which voltage 
is applied to the vibrating bodies 2A and 2B and control- 
ling the current value of the cun'ent delivered to the coils 
84A and 84B. Remote control can also be accomplished 
by using a remote controller to issue commands wire- 

20 lessly to the control device 66. 

FIFTEENTH EMBODIMENT 

[0304] A fifteenth embodiment will now be described 

25 In reference to Figure 34 and Figure 35. The fifteenth 
embodiment applies the rotary drive device 1 00 in ac- 
cordance with the present invention to a robot used as 
a toy or amusement device. Figure 34 is an overall per- 
spective view of a robot (device) 13 in accordance with 

30 the fifteenth embodiment, while Figure 35 is a block di- 
agram of selected components of the robot 13. 
[0305] In Figures 34 and 35. the robot 1 3 has the fol- 
lowing: an electric power source 131; the rotary drive 
devices 1 00 that are driven by electric power from the 

35 electric power source 131 ; a drive circuit board 132 on 
which a drive circuit 1 32A for driving the rotary drive de- 
vices 1 00 is mounted; a wireless communication circuit 
board 1 33 having an antenna 1 33A and a wireless com- 
munication circuit 1338; and a control circuit board 134 

40 on which a control circuit 1 34A is mounted f orcontrolling 
the operation of the drive circuit 132A and the wireless 
communication circuit 133B. These components are 
housed inside an external casing 136 that is secured to 
a frame 135. 

45 [0306] The frame 1 35 is made of plastic or other elec- 
trically insulating material that has been fomried by In- 
jection molding or other fomning process. The aforemen- 
tioned components installed inside and outside thereof 
are appropriately insulated from each other by the frame 

50 1 35. 

[0307] Here, the robot 1 3 is made so that the rotary 
drive device 1 00 can move it forward in the leftward di- 
rection of Figure 34. Thus, in this embodiment, the face 
corresponding to the leftward direction in Figure 34 (i. 
55 e., fonward advance direction of the robot 13) is called 
the "front face" and the face corresponding to the right- 
ward direction in Figure 34 (i.e., the rearward advance 
direction of the robot 13) is called the "rear face." The 
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face corresponding to the upper face in Figure 34 is 
called the "top face" and the face corresponding to the 
lower face is called the "bottom face." 
[0308] A pair of prinnary batteries or power sources 
131 can be used as the power for the robot 13. The pow- 
er sources 131 are arranged in one side of the frame 
135 at approximately the middle thereof in such a man- 
ner that they can be inserted and removed freely 
through the open end of the frame 135. A plus power 
terminal 1 31 A and a minus powertemninal 1 31 B are pro- 
vided on the respective sides of each power source 131 
such that power is drawn from the power sources 131 
by the contact of these terminals with the power sources 
131. 

[0309] There are two rotary drive devices 100. one 
provided on each side of the frame 1 35. The rotary drive 
devices 1 00 are configured in the similarly to that of the 
first embodiment previously discussed. A slip-preven- 
tion member 140 made of silicone rubber or the like is 
provided around the circumference of each rotating 
body 1 01 to serve as a tire. The rotational center of each 
rotating body 1 01 is positioned by a positioning hole 401 
provided in the base part 4 and the rotary drive device 
100 is secured to the frame 135 with screws using 
mounting holes 45. When this securing is done, the sub- 
strate 37 (Figure 3) disposed on the opposite side of the 
base part 4 as the vibrating body 2 is put into pressing 
contact with an end part of the drive circuit board 132, 
thus establishing an electrical connection between the 
vibrating body 2 and the drive circuit 132A of the drive 
circuit board 132. 

[0310] One drive circuit board 132 is provided for the 
two vibrating body 2 of each of the two rotary drive de- 
vices 1 00. Each drive circuit board 1 32 comprises a flex- 
ible substrate made of polyimide resin or the like and 
has on both sides thereof a drive circuit 1 32A comprising 
an electronic circuit for driving the vibrating body 2. One 
drive circuit board 132 is fixed to a lateral face of the 
frame 1 35 and the other drive circuit board 132 is fixed 
to the top face of the frame 1 35. In order to reduce size, 
the drive circuit boards 1 32 are folded along the contour 
of the frame 135. The end parts of the drive circuit 
boards 132 are fastened to the power terminals 131 A 
and 131 B with fastening screws 132B, and thereby elec- 
trically connected to the power sources 1 31 so that they 
can receive electric power from the power sources 131. 
[0311] Two light emitting diodes 132C are provided on 
one of the drive circuit boards 1 32 on the surface thereof 
that corresponds to the front face of the robot 13. A plu- 
rality of terminals (two in this embodiment) for mounting 
an antenna 133A is provided on the drive circuit board 
132 on the surface thereof that corresponds to the top 
face of the robot. A plurality of antennas 133A (two in 
this embodiment) is attached to these temiinals with sol- 
der. The antennas 133A are arranged so as to protrude 
from the external casing 136. The number dimensions, 
mounting angle, and mounting spacing of the antennas 
1 33A are detemnined as appropriate in order to achieve 



good transmission and reception of signals with the out- 
side. 

[0312] The wireless communication circuit board 133 
comprises a glass epoxy substrate having electronic 

> components mounted on both sides thereof so as to 
form a wireless communication circuit 133B. The wire- 
less communication circuit 1 33B is designed to demon- 
strate characteristics in compliance with Bluetooth 
standards. More specifically, it is designed to receive 

0 and transmit wireless signals and to modulate and de- 
modulate signals. The wireless communication circuit 
1 33B is connected to the two antennas 1 33A with coax- 
ial cables (not shown). The wireless communication cir- 
cuit 133B is electrically connected to the control circuit 

f5 board 134, which comprises a flexible substrate, etc. 
[0313] The control circuit board 134 comprises a 
glass epoxy substrate having electronic components 
mounted on both sides thereof so as to form a control 
circuit 1 34A and is mounted to the side of the frame 1 35 

20 that corresponds to the rear face. The control circuit 
board 134 is secured to the drive circuit board 132 with 
screws or the like such that the two circuit boards are 
electrically connected together. As a result, the electric 
power from the electric power source 131 is delivered 

25 to the drive circuit 132A, the control circuit 134A, and 
the wireless communication circuit 133B. 
[031 4] The control circuit 1 34A is provided with a wire- 
less communication control section 134B for controlling 
the wireless communication circuit 133B and a drive 

30 control section 134C for controlling the drive circuit 
132 A. 

[0315] The wireless communication control section 
134B is designed to execute control in compliance with 
Bluetooth standards with respect to a signal from the 

35 wireless communication circuit 133B. More specifically, 
it performs such tasks as detemnining the signal fre- 
quency, detemnining the timing of signal reception and 
transmission, converting data, generating packet data, 
and extracting data from packet data. 

40 [0316] Based on the signal extracted by the wireless 
communication control section 134B, the drive control 
section 1340 issues drive command signals for driving 
the vibrating bodies 2 and flashing command signals for 
flashing the light emitting diodes 1 320 to the drive circuit 

45 132A. The drive control section 134C is equipped with 
an auxiliar/ memory device (not shown) that stores os- 
cillation condition (drive condition) data for driving the 
vibrating bodies 2. 

[0317] in addition to having the wireless communica- 
so tion control section 134B and the drive control section 
1340, the control circuit 134A is designed such that it 
can monitor the voltages of the electric power sources 
131 and wirelessly communicate that voltage informa- 
tion to an external device through the wireless commu- 
55 nication circuit 133B. 

[0318] The external casing 136 is made of plastic or 
other material and fonmed by injection molding or other 
fonning method into the shape of an insect, a popular 
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character, or any other form. The external surface of the 
externa! casing 1 36 is painted with a paint having a nne- 
tallic luster and ear nnembers 136A formed on the top 
face and eye mennbers 136B formed on the front face 
serve to give it the appearance of a living creature. The 
eye members 136B are made of semitransparent or 
transparent plastic so that the light from the internal light 
emitting diodes 1 32C can be seen from the outside. The 
external casing 136 is fastened to the frame 135 with 
screws or the like. 

[031 91 The robot 1 3 operates as follows. The wireless 
communication circuit 133B receives a wireless signal 
from an external device through the antennas 1 33A and 
extracts the necessary data from the wireless signal. 
Based on the extracted data, the drive control section 
134C controls the vibrating bodies 2 of the rotary drive 
devices 1 by using the oscillation condition data from 
the auxiliary memory device to issue drive signals that 
cause the vibrating bodies 2 to vibrate in an appropriate 
manner so as to drive the rotating bodies 101 . For ex- 
ample, when both rotating bodies 101 are to be rotated 
in the forward advance direction, the robot 1 3 advances 
forward. Meanwhile, when the drive control section 
134C changes the electrodes of the vibrating bodies 2 
to which voltage is applied, the rotating bodies 101 are 
both driven in the opposite direction and the robot 13 
moves backward. If one of the rotating bodies 101 is 
driven and the other is stopped, the robot 13 will turn 
about the point of contact between the stopped rotating 
body 1 01 and the ground; this enables the robot to turn 
left and right. Finally, If one rotating body 101 is driven 
forward and the other rotating body 101 is driven rear- 
ward, the robot 13 will spin while remaining in the same 
place. 

[0320] When the drive control section 134C causes 
the light emitting diodes 132C to flash, the light from the 
light emitting diodes 132C can be seen through the eye 
members 136B of the external casing 136 and the robot 
13 can be given facial expressions. Through the combi- 
nation of the flashing of the light emitting diodes 132C 
and the movements of the robot 1 3, the illusion that the 
robot 13 is communicating with its environment can be 
created. 

[0321 ] Since the wireless communication circuit 1 33B 
enables the robot 13 to send and receive signals, the 
robot 13 can be operated remotely. Furthermore, by 
having the control circuit 1 34A monitor the voltage of the 
electric power sources 131 , a wireless signal that rec- 
ommends changing the battery can be issued to an ex- 
ternal device when the remaining capacity of the electric 
power sources 131 is low and the remaining capacity of 
the electric power sources 131 can be reported on a reg- 
ular basis. 

[0322] Since the f ifteenth embodiment uses the rotary 
drive device 100 of the first embodiment, it provides the 
same effects as the first embodiment. The use of this 
rotary drive device 1 00 as the means by which the robot 
13 moves from place to place enables the size of the 



robot 1 3 to be reduced. By using two rotary drive devices 
100, the robot 13 is enabled to turn left, turn right, and 
spin in one place, thus improving is operational perform- 
ance. Additionally, the wireless communication circuit 
5 1 33B enables the operations of the robot 1 3 to be con- 
trolled and monitored from a remote position. 

SIXTEENTH EMBODIMENT 

10 [0323] Referring now to Figures 36 and 37, a rotary 
device 1600 will be described In accordance with a six- 
teenth embodiment of the present invention. Basically, 
this rotary drive device 1600 is the same as the rotary 
drive device 1100 of the eleventh embodiment, except 

15 that the pressingforce adjusting device 8 has been mod- 
ifiedto be automatically adjusted. In view of the similarity 
between the eleventh and sixteenth embodiments, the 
parts of the sixteenth embodiment that are identical or 
substantially identical in function to the parts of the elev- 

^ enth embodiment will be given the same reference nu- 
merals as the parts of the eleventh embodiment. More- 
over, the descriptions of the parts of the sixteenth em- 
bodiment that are identical or substantially identical in 
function to the parts of the eleventh embodiment may 

25 be omitted for the sake of brevity. 

[0324] In the eleventh embodiment, the eccentric pins 
8B are turned manually by inserting a screwdriver into 
the operating grooves 8B , but the invention is not lim- 
ited to this arrangement and it is acceptable to adjust 

30 the pins in an automated manner. For example, the 
pressing force adjusting device 8 could be automatically 
adjusted by driving the pressing force adjusting device 
8 with a drive mechanism 85, as shown in Figures 36 
and 37. 

35 [0325] Figures 36 and 37 shows a variation of the 
pressing force adjusting device 8 of the rotary drive de- 
vice 1 1 00. Figure 36 is a top plan view of the rotary drive 
device 1600, while Figure 37 is a cross sectional view 
of the rotary drive device 1 600 taken along line 37 - 37 

40 of Figure 36. In Figures 36 and 37, the drive mechanism 
85 has toothed gears d5A that are fixed to the turning 
shafts 8B of the two eccentric pins 8B on the opposite 
side of the base part 4, a toothed gear 85B that meshes 
with these toothed gears 85A, and a motor 85C (e.g., 

45 stepping motor) whose rotary shaft is secured to the 
toothed gear 85B. When the motor 85C turns through a 
prescribed rotational angle, the toothed gear 85B fixed 
to its shaft turns and the resulting torque is transmitted 
to the toothed gears 85A, causing the eccentric pins SB 

50 to turn through a prescribed rotational angle. In this way, 
the force with which the abutting part 23 presses against 
the rotating body 101 can be adjusted in an automated 
manner. In the rotary drive device 1 600 with this kind of 
drive mechanism 85, the two eccentric pins 8B can be 

55 driven simultaneously with a single motor 85C so as to 
turn through the same angle. Consequently, the press- 
ing forces of the springs 34 on both sides of the support 
body can be made the same and good balance between 
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the left and right pressing forces can always be main- 
tained. 

[0326] Similarly, in all of the embodiments disclosed 
herein, a pressing force adjusting device can be used 
with either manual adjustment or automated adjust- 
ment. 

SEVENTEENTH EMBODIMENT 

[0327] Referring now to Figure 38, a rotary drive de- 
vice 1 700 is illustrated in accordance with a seventh em- 
bodiment of the present invention. Basically, this rotary 
drive device 1 700 uses the same principles as the prior 
embodiments. In view of the similarity between this em- 
bodiment and the prior embodiments, the descriptions 
of the parts of this embodiment that are identical or sub- 
stantially identical In function to the parts of the prior em- 
bodiments may be omitted forthe sake of brevity. In oth- 
er words, the constructions of the parts of this embodi- 
ment are identical or substantially identical to the con- 
struction of the corresponding part of the prior embodi- 
ments. For example, this rotary drive device 1700 basi- 
cally includes a vibrating body 2' movably mounted on 
a base part 4' and an annular rotating body or rotor 1 01' 
rotatably mounted on a base part 4'. The rotating body 
101' is driven by the vibrations of the vibrating body 2\ 
The vibrating body 2' is mounted to the base part 4' in 
such a manner that the vibrating body 2' can vibrate. 
The rotating body 101' is provided on the outer circum- 
ference of the base part 4* in such a manner that it can 
rotate relative to the vibrating body 2*. 
[0328] The vibrating body 2* comprises a reinforcing 
plate 21' that Is generally rectangular in shape, and a 
pair of flat plate-shaped piezoelectric elements 22' that 
are provided on the front and back surfaces of the rein- 
forcing plate 21'. The reinforcing plate 2V has at least 
one abutting part 23' fomied integrally on one of the 
short ends of the reinforcing plate 2V, and an amn part 
24' coupled to the reinforcing plate 21'. The free edge 
of the abutting part 23' has a generally convex arc 
shaped free end as in the other embodiments (e.g., see 
Figure 5). The reinforcing plate 21' is arranged such that 
the tip of the abutting part 23' abuts against an inside 
concaved circumferential surface of a contact part 1 01 A" 
of the rotating body 1 01'. 

[0329] In the prior embodiments, the vibrating bodies 
touched against the annular rotating body from the in- 
side, but the invention is not limited to this arrangement 
and it is also acceptable to drive the rotating body from 
the outside. For example, the rotary drive device 1700 
is part of a liquid feeding apparatus 14 as shown in Fig- 
ure 38, in which the vibrating body 2 abuts against the 
outer circumference of the rotor (rotating body) 101'. 
[0330] Figure 38 is a variation of a rotary drive device 
of the present invention. In Figure 38, the liquid feeding 
apparatus Is provided with a tube 14V that delivers the 
liquid, a pair of balls 1 42' that roll on top of the tube 14 V 
to sequentially pump the liquid inside the tube, and a 



rotor 10V that presses the balls 142* against the tube 
14V while rolling the same. An abutting part 23' of a vi- 
brating body 2' touches against the outside circumfer- 
ential surface of the rotor 10V. The vibrating body 2' is 
5 supported at its approximate lengthwise middle from 
both sides by an arm part 24'. The arm part 24' Is se- 
cured to the base part 4' by screws 26'. A generally U- 
shaped pressing force applying member (pressing force 
applying means) 43' is fomned integrally on the arm part 
10 24'. The tip of a screw 86' touches against the edge of 
the pressing force applying member 24' from the side at 
an acute angle. The screw 86' mates with the base part 
4* with screw threads and is thereby supported such that 
its tip can move toward and away from the pressing 
15 force applying member 24'. 

[0331] When the vibrating body 2' vibrates and caus- 
es the rotor 1 0 V to rotate, the pressure of the rotor 1 01 ' 
causes the balls 142' to roll while squeezing down the 
tube 14V. The liquid inside the portion of the tube 141' 
20 between the two balls 142' is pushed out sequentially 
and discharged through the open end of the tube 14V. 
The force with which the abutting part 23* abuts against 
the rotor 101' can be adjusted by turning the screw 88' 
and advancing or retracting its tip, thereby changing the 
25 pressing force applied by the pressing force applying 
member 24*. In response, the vibrating body 2' turns 
about the screw 26' and its abutting force with respect 
to the rotor 10V changes. 

[0332] By driving the rotor 10V from the outside in this 
30 manner, the rotor 10V and the vibrating body 2 can be 
arranged in the same plane and the thickness of the liq- 
uid feeding apparatus can be reduced. Also, the posi- 
tional relationship between the vibrating body 2' and the 
rotating body or rotor 101 ' is unrestricted because, sim- 
35 ilarly to the embodiments, the rotational speed can be 
changed without a decline in driving force even when 
the rotor 1 0 V is driven from the outside. 



EIGHTEENTH EMBODII\/lENT 



40 



[0333] Refemng now to Figure 39. a rotary drive de- 
vice 1 800 is illustrated in accordance with an eighteenth 
embodiment of the present invention. Basically, this ro- 
tary drive device 1800 uses the same principles as the 

45 prior embodiments. In view of the similarity between this 
embodiment and the prior embodiments, the descrip- 
tions of the parts of this embodiment that are identical 
or substantially identical in function to the parts of the 
prior embodiments may be omitted for the sake of brev- 

50 rty. In other words, the constructions of the parts of this 
embodiment are identical or substantially identical to the 
construction of the corresponding part of the prior em- 
bodiments. For example, this rotary drive device 1800 
basically includes a plurality of vibrating bodies 

55 2" movably mounted on a base part 4" and an annular 
rotating body 101" rotatably mounted on a base part 4". 
The rotating body 1 01 " Is driven by the vibrations of the 
vibrating bodies 2". The vibrating bodies 2" are mounted 
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to the base part 4" in such a manner that the vibrating 
bodies 2" can vibrate. The rotating body 101" Is provid- 
ed on the outer circumference of the base part 4" in such 
a manner that it can rotate relative to the vibrating bodies 
2". 

[0334] Each vibrating body 2" is constructed similar 
to the vibrating bodies 202 of second embodiment, and 
comprises a reinforcing plate that is generally rectangu- 
lar in shape, and a pair of flat plate-shaped piezoelectric 
elements that are provided on the front and back sur- 
faces of the reinforcing plate. The reinforcing plate has 
at least one abutting part 23" formed integrally on one 
of the short ends of the reinforcing plate, and an arm 
part 24" coupled to the reinforcing plate. The free edge 
of the abutting part 23" has a generally convex arc 
shaped free end as in the other embodiments (e.g., see 
Figure 5). The reinforcing plate 21" Is arranged such 
that the tip of the abutting part 23" abuts against an in- 
side concaved circumferential surface of a contact part 
101 A" of the rotating body 101". 
[0335] The present invention Is not limited to an ar- 
rangement in which there Is one pressing force adjusting 
device 8 for one vibrating body. For example, as shown 
in Figure 38, it Is acceptable to use one pressing force 
adjusting device 8" to adjust the pressing force of a plu- 
rality of vibrating bodies 2" simultaneously. 
[0336] Figure 39 is a top plan view of the rotary drive 
device 1800 of the present invention. In Figure 39 three 
vibrating bodies 2 are fastened to a base part 4 with an 
abutting part 23 of each vibrating body 2 touching 
against the rotating body 101 at a prescribed angle. An 
arm part 24 that is rotatably fastened to the base part 4 
by a screw 26 supports each vibrating body 2 on one 
side at the approximate lengthwise middle thereof. Each 
arm part 24 has an arc-shaped pressing force applying 
member (pressing force applying means) 43 formed in- 
tegrally thereon and one end of the pressing force ap- 
plying member 43 touches against the lateral surface of 
a generally triangular eccentric pin 87 . The eccentric 
pin 87 is rotatably supported on the base part 4 with a 
threaded rotary shaft or the like and thereby constitutes 
a pressing force adjusting device 8 . 
[0337] in this rotary drive device 1 800, voltage is ap- 
plied to three vibrating bodies 2 simultaneously to drive 
the rotating body 101 .To adjust the force with which the 
abutting parts 23 press against the rotating body 101 , 
the eccentric pin 87 is turned and the pressing forces of 
the pressing force applying members 43 are changed. 
In response, the vibrating bodies 2 turn about the screws 
26 and the force with which they press against the ro- 
tating body 1 01 " changes. Since this rotary drive device 
1 800 has a plurality of vibrating bodies 2 driving one ro- 
tating body 101, the driving force of each vibrating body 
2 can be reduced and the durability of the vibrating bod- 
ies 2 can be improved. 

[0338] With this arrangement, the pressing forces of 
a plurality of vibrating bodies 2 can be adjusted easily 
with one pressing force adjusting device 8. Since the 



pressing forces of the vibrating bodies 2 are uniform, the 
rotating body 101 can be driven with excellent power 
transmission efficiency. 

[0339] Thus, the shape of the eccentric pin is not llm- 
5 ited to the circular shape used in the prior embodiments. 
In addition to the generally triangular shape just de- 
scribed, it Is acceptable to use any other shape that Is 
appropriate In consideration of the application and the 
pressing force adjustment range. 
10 [0340] The cross sectional shape of the coil is not lim- 
ited to the circular shape used in the embodiments. The 
cross sectional shape, number of windings, cross sec- 
tional area, etc., of the coil are selected as appropriate 
in consideration of such factors as the weight of the sup- 
15 port body and vibrating body and the range over which 
the pressing force of the vibrating body against the ro- 
tating body is to be adjusted. It is also acceptable to In- 
sert an Iron core or the like Into the coll. 

20 OTHER VARIATIONS 

[0341] In the preceding descr^Dtlons, shapes, materi- 
als, etc., were limited to specific examples for the pur- 
pose of making the invention readily understandable 
25 and these examples were not intended to limit the in- 
vention. Thus, the present invention includes any and 
all descriptions using member names from which a por- 
tion of the limitations on shapes, materials, etc., have 
been removed or from which all limitations have been 
30 removed in whrch the constituent features are presented 
using terminology that eliminates all or a portion of the 
limitations on shapes, materials, etc. 
[0342] In the prior embodiments, the springs that ap- 
plied the pressing force were fixed to the end part of the 
35 support body that is opposite the side where the abutting 
part is disposed, but the present invention is not iimited 
to such configuration. For example, it is acceptable to 
arrange springs on the same side of the support body 
as the abutting part and operate the springs in tension 
40 such that the abutting part is pressed against the rotat- 
ing body. Also, although two springs were arranged on 
both sides of the support body in the embodiments, it Is 
also acceptable to provide one spring at the approxi- 
mate middle of the support body to push It toward the 
45 rotating body. 

[0343] When using a pressing force adjusting device 
having a magnet and a coil, it is also acceptable for the 
coil to be positioned closer to the abutting part than the 
magnet. In such a case, the pressing force is adjusted 
50 by passing a current through the coil and thereby pulling 
the magnet such that the abutting part is pressed 
against the rotating body. Although in the embodiments 
the magnet was fixed to the support body and the coll 
was fixed to the base part, it is also acceptable to mount 
55 the coil to the support body and the magnet to the base 
part. It is also acceptable to use a plurality of magnets 
and coils. 

[0344] The pressing force adjusting device has been 
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described as comprising springs and eccentric pins or 
a magnet and a coil, but the invention is not limited to 
such configurations. For example, in the eleventh em- 
bodiment, it is also acceptable to adjust the position of 
the support body directly without using springs. In short, 
any staicture that allows the force with which the vibrat- 
ing body presses against the rotating body to be adjust- 
ed is acceptable. 

[0345] Moreover, the invention is not limited to a 
pressing force adjusting device that can adjust in a step- 
less manner. For example, in the eleventh embodiment, 
it is also acceptable to abut the abutting pin of the spring 
against a catching part formed on the base part and ad- 
just the spring force of the spring by inserting blocks of 
prescribed thicknesses between the abutting pin and 
the catching part. In this way, the spring force of the 
spring is adjusted according to the thickness and 
number of blocks and thus the pressing force of the 
abutting part against the rotating body can be adjusted 
through multiple levels in a step-like manner 
[0346] Conversely, in the twelfth and fourteenth enrv 
bodiments the abutting force was adjusted to one of only 
two levels by turning the current generating device ON 
or OFF, but the invention is not limited to such a config- 
uration. For example, it is also acceptable to adjust the 
value of the current passed through the coil in a stepless 
manner and thereby adjust the force with which the 
abutting part presses against the rotating body to any 
desired value. 

[0347] More specifically, the structure, material, and 
shape of the rotary drive device are not limited to those 
of the previously described embodiments. For example, 
the previously described embodiments are provided 
with a pressing force member, but the shape and mate- 
rial of the pressing force applying member are not lim- 
ited to those described. It is also acceptable not to pro- 
vide a pressing force applying member. 
[0348] Openings were provided in the base part and 
the rotating body of the embodiments, but the positions 
and shapes of the openings are not limited to those pre- 
viously described. It is also acceptable not to provide 
openings. 

[0349] In the embodiments, the vibrating bodies, 
guide rollers, and guide parts were arranged around the 
contact part of the rotating body at equal inten^als, but 
the invention is not limited to such arrangements. So 
long as the rotating body can rotate smoothly, any ap- 
propriate interval arrangement is acceptable. The 
number of vibrating bodies, guide rollers, and guide 
parts can also be detemnined as appropriate. For exam- 
ple, It is acceptable to arrange a plurality of vibrating 
bodies stacked on top of each other in order to increase 
the driving force. 

[0350] In the embodiments, the abutting part was 
shaped like a convex arc in a cross sectional view and 
the contact part was shaped like a concave arc in a cross 
sectional view, but the Invention is not limited to this con- 
figuration. It is also acceptable to give the abutting part 



a convex arc shape in a cross sectional view and the 
contact part a flat planar shape or to give the abutting 
part a concave arc shape in a cross sectional view and 
the contact part a convex arc shape in a cross sectional 
5 view. 

[0351] In the previously described embodiments, the 
abutting part of the vibrating body moves through a gen- 
erally elliptical path R, but the present invention is not 
limited to such movement. It is also acceptable for the 
10 vibrating body to undergo longitudinal vibration only or 
bending vibration only. 

[0352] The invention is not limited to driving the vibrat- 
ing bodies with one drive signal either. It is acceptable 
to drive the vibrating bodies with separate drive signals. 

15 [0353] The shapes of the reinforcing plate and the pi- 
ezoelectric element (of the vibrating body) are not limit- 
ed to those described in the embodiments. For example, 
it is acceptable to provide the abutting part and the re- 
inforcing plate as separate members. 

20 [0354] The shape of the electrodes of the piezoelec- 
tric element and the distribution of the drive electrodes 
and vibration detecting electrodes are not limited to 
those described in the embodiments. 
[0355] The material of the base part and the rotating 

25 body can be resin, metal, or other material selected ap- 
propriately based on such factors as insulating charac- 
teristics, strength, woricability, cost, lubrication charac- 
teristics, etc. 

[0356] Although in the embodiments the rotating body 
30 was an entity that underwent rotational motion, the in- 
vention is not limited to such motion; linear motion, for 
example, is also acceptable. For example, it is accept- 
able to adopt a stmcture in which an abutting part of a 
vibrating body is put in direct contact with a lateral face 

35 of a rod-shaped member and the rod-shaped member 
is made to move In the lengthwise direction by vibrating 
the vibrating body. Here again, similariy to the embodi- 
ments, the speed can be changed without a decline In 
the drive force. In short, there are no limits on the shape 

40 of the driven body. It is also possible to provide tooth- 
like protrusions on the outer circumference of the rotat- 
ing body and provide a rod-shaped member that mates 
with the protrusions so that the rotational motion of the 
rotating body can be converted into linear motion. 

45 [0357] Also, in the embodiments, the method of driv- 
ing the rotating body was to vibrate a vibrating body 
along an elliptical path and make the vibrating body con- 
tact the rotating body during a portion of said path such 
that the rotating body was moved by a friction force, but 

50 the invention is not limited to such a method. For exam- 
ple, the vibrating body and the rotating body can be ar- 
ranged so as to be in constant contact and the voltage 
applied to the vibrating body can be adjusted such that 
the vibrating body defomns rapidly when it elongates and 

55 slowly when it returns. The rotating body can then be 
moved in an intermittent manner by making the vibrating 
body slide with respect to the rotating body when it elon- 
gates and move the rotating body with a frtetion force 
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when it returns. In short, the rotating body can be driven 
using any method so long as It is driven by vibrating the 
vibrating body against the rotating body to rotate the ro- 
tating body. 

[0358] Rotary drive devices in accordance with the 
present invention were applied to a toy car in the four- 
teenth embodinnent and a robot In the fifteenth embod- 
iment, but the invention is not limited to such applica- 
tions. For example, the rotary drive device can be in- 
stalled in various and sundry apparatuses, such as the 
previously described liquid feeding apparatus. When 
applied to other devices as well, the same effects as de- 
scribed in the embodiments can still be obtained and the 
size of the rotary drive device can be reduced while de- 
livering a prescribed drive torque. Furthenmore, the 
speed of the rotating body can be changed without a 
decline in the drive force. 

[0359] Other modes of the present invention are pre- 
sented below. 

[0360] A first mode is a drive mechanism In which a 
vibrating body provided with a piezoelectric element 
abuts against a driven body and the driven body is driv- 
en by the vibration of the vibrating body, the drive mech- 
anism being provided with a pressing force adjusting 
member or means that adjusts the force with which the 
vibrating body presses against the driven body. 
[0361] A second mode is a drive mechanism as recit- 
ed in the first mode, wherein the tip the vibrating body 
moves through a generally elliptical path and abuts 
against the driven body along a portion of the elliptical 
path and the driven body is driven by the friction force 
between the vibrating body and the driven body. 
[0362] A third mode is a drive mechanism as recited 
in the first or second modes, wherein the pressing force 
adjusting member is provided such that the pressing 
force can be adjusted manually. 
[0363] A fourth mode is a drive mechanism as recited 
in the first mode or second mode, wherein the pressing 
force adjusting member is provided such that the press- 
ing force can be adjusted in an automated manner. 
[0364] A fifth mode is a drive mechanism as recited 
in any one of the first through fourth modes, wherein the 
driven body is a rotating body and the vibrating body 
abuts against the driven body from the inside of the ro- 
tating body. 

[0365] A sixth mode is a drive mechanism as recited 
In any one of the first through fourth modes, wherein the 
driven body is a rotating body and the vibrating body 
abuts against the driven body from the outside of the 
rotating body. 

[0366] A seventh mode is a drive mechanism as re- 
cited in any one of the first through sixth modes, wherein 
the pressing force adjusting member can adjust the 
force with which the vibrating body abuts against the 
driven body. 

[0367] An eighth mode is a drive mechanism as recit- 
ed in any one of the first through seventh modes, where- 
in the pressing force adjusting member is provided with 



the following: a support member that supports the vi- 
brating body; a stationary body that supports the support 
member in such a manner that the support member can 
advance toward and retract away from the driven body; 
5 a spring that is fixed at one end to the support member 
and presses against the support body; and an eccentric 
pin that is provided on the stationary body and adjusts 
the pressing force of the spring. 

[0368] A ninth mode is a drive mechanism as recited 
10 in any one of the first through seventh modes, wherein 
the pressing force adjusting member is provided with the 
following: a support member that supports the vibrating 
body; a stationary body that supports the support mem- 
ber in such a manner that the support member can ad- 
'5 vance toward and retract away from the driven body; a 
spring that is fixed at one end to the support member 
and presses against the support body; and a magnet 
and coil that attract and repel each other with magnetic 
force, the magnet or the coil being fixed to the support 
20 member and the coil or the magnet (which ever is not 
fixed to the support part) being fixed to the stationary 
body. 

[0369] A tenth mode is a drive mechanism as recited 
in any one of the first through ninth modes, wherein a 

25 plurality of pressing fon^e adjusting member are provid- 
ed with respect to the vibrating body. 
[0370] An eleventh mode Is a drive mechanism as re- 
cited in any one of the first through tenth modes, wherein 
a plurality of vibrating bodies are provided with respect 

30 to the driven body. 

[0371 ] A twelfth mode is a drive mechanism as recited 
in any one of the first through eleventh modes, wherein 
a plurality of vibrating bodies are provided with respect 
to the pressing force adjusting member. 

35 [0372] A thirteenth mode is an apparatus equipped 
with a drive mechanism as recited in any one of the first 
through twelfth modes. 

[0373] In the first mode, when the force with which the 
vibrating body presses against the driven body is adjust- 

40 ed by the pressing force adjusting member, the drive 
force that the vibrating body exerts against the driven 
body changes, and thus, the movement speed of the 
driven body changes. Since the drive force Is changed 
by adjusting the force with which the vibrating body is 

45 pressed against the driven body, It Is not necessary to 
vibrate the vibrating body in an Intemiittent manner. In- 
stead, the vibrating state of the vibrating body is kept 
stable and declines in drive force are prevented. 
[0374] In the second mode, the vibrating body con- 

50 tacts the driven body during a portion of its elliptical path 
and causes the driven body to move In the direction of 
the path. Since the vibrating body moves along an ellip- 
tical path , the force with which the tip if the vibrating body 
contacts the driven body decreases when it moves in 

55 the opposite direction as the direction In which the driven 
body moves. Thus, a decline in the drive force is pre- 
vented to an even larger degree. Also, wear of the tip of 
the vibrating body and wear of the driven body are re- 
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duced and the durability of the drive mechanism is Im- 
proved. This mode is particular useful when the driven 
body is a rotating body because forces in a direction that 
hinders the inertial force of the driven body are reduced. 
[0375] In the third mode, the pressing force is adjust- 
ed manually, and thus, the construction of the pressing 
force adjusting device is simple. As a result, mainte- 
nance of the drive mechanism is easy and manufactur- 
ing is inexpensive, 

[0376] In the fourth mode, the pressing force is adjust- 
ed in an automated manner. As a result, the force with 
which the vibrating body abuts against the driven body 
can be adjusted dynamically while the driven body is 
moving and the movement speed can be adjusted In a 
flexible manner. 

[0377] In the fifth mode, the driven body is a rotating 
body and, consequently, the driven body tries to main- 
tain Its state of movement (i.e., rotation) due to inertia 
when it is moving (I.e., rotating). Here again, since the 
vibrating body is vibrating continuously, the vibrating 
body does not contact the driven body while in a stopped 
state and reduce the rotational torque of the driven body, 
as occurs in the prior art. Also, since the vibrating body 
abuts against the driven body from the inside, the vibrat- 
ing body is enclosed within the rotational radius of the 
driven body and the size of the drive mechanism can be 
reduced. 

[0378] In the sixth mode, the driven body is a rotating 
body and, consequently, the driven body tries to main- 
tain its state of movement (i.e., rotation) due to inertia 
when it is moving (i.e., rotating). Here again, since the 
vibrating body is vibrating continuously, the vibrating 
body does not contact the driven body while in a stopped 
state and reduce the rotational torque of the driven body, 
as occurs in the prior art. Also, since the vibrating body 
abuts against the driven body from the outside, the driv- 
en body and the vibrating body can be arranged in the 
same plane and the thickness of the drive mechanism 
can be reduced. 

[0379] In the seventh mode, the pressing force can 
be adjusted in a stepless manner. As a result, the move- 
ment speed of the driven body can be set in a stepless 
manner and fine tuning of the movement speed is sim- 
ple. 

[0380] In the eighth mode, the length of the spring 

changes when the eccentric pin is turned. As the spring 
force changes, the support member fixed to one end of 
the spring moves toward or away from the driven body, 
and thus, the vibrating body moves closer to or farther 
away from the driven body. As a result, the force with 
which the vibrating body presses against the driven 
body is adjusted. The operation is simple because the 
pressing force is adjusted by merely turning the eccen- 
tric pin. Also, since the tuming angle of the eccentric pin 
corresponds to the pressing force of the vibrating body 
against the driven body, the pressing force can be easily 
managed and adjusted. 

[0381] In the ninth mode, a magnetic field is generat- 



ed inside the coil when a current is passed through the 
coil and the magnet is attracted or repelled depending 
on the direction of the current. Since the magnet or the 
coil IS fixed to the support member and the coil or the 
5 magnet (which ever is not fixed to the support part) being 
fixed to the stationary body, the support member and 
vibrating body are moved toward or away from the driv- 
en body. As a result, the force with which the vibrating 
body presses against the driven body is adjusted. The 
10 structure of the pressing force adjusting device is simple 
because the pressing force Is adjusted by merely pass- 
ing a current through the coil. Also, since the pressing 
force depends on the current value, the pressing force 
can be easily managed and adjusted. 
15 [0382] In the tenth mode, the load born by a single 
pressing force adjusting device is reduced because a 
plurality of pressing force adjusting devices Is used to 
adjusted the pressing force of the vibrating body. As a 
result, the durability of the pressing force adjusting de- 
20 vices is improved. Also, fine tuning of the pressing force 
is easier because the rate at which each pressing force 
adjusting device changes the pressing force can be set 
to a smaller rate. 

[0383] In the eleventh mode, the drive force required 

25 from a single vibrating body is reduced because a plu- 
rality of vibrating bodies is provided with respect to the 
driven body. As a result, wear of the portion of the vi- 
brating body that contacts the driven body is reduced 
and the durability of the drive mechanism is improved. 

30 [0384] In the twelfth mode, a plurality of vibrating bod- 
ies can be adjusted with one pressing force adjusting 
device. As a result, the number of parts is reduced and 
the drive mechanism can be manufactured less expen- 
sively. Also, since the vibrating bodies all press against 

35 the driven body with a unifomn pressing force, the effi- 
ciency of powertransmission to the driven body is good. 
[0385] In the thirteenth mode, any of a variety of de- 
vices is made using the drive mechanism described in 
any of the first to twelfth modes. Such a device benefits 

40 from the previously described effects. Also, the drive 
force of the driven body is prevented from declining and 
the movement speed of the driven body can be adjusted 
easily. 

[0386] The temns of degree such as "substantially", 
45 "about" and "approximately" as used herein mean a rea- 
sonable amount of deviation of the modified term such 
that the end result is not significantly changed. For ex- 
ample, these terms can be construed as including a de- 
viation of at least ± 5% of the modified tenn if this devi- 
50 ation would not negate the meaning of the word it mod- 
ifies. 

[0387] This application claims priority to Japanese 
Patent Application Nos. 2002-174963, 2002-277968 
and 2003-096220. The entire disclosures of Japanese 
55 Patent Application Nos. 2002-174963, 2002-277968 
and 2003-096220 are hereby incorporated herein by ref- 
erence. 

[0388] While only selected embodiments have been 
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chosen to illustrate the present invention, it will be ap- 
parent to those skilled In the art from this disclosure that 
various changes and modifications can be made herein 
without departing from the scope of the invention as de- 
fined in the appended claims. In other words, the best 
configurations and methods of working the present in- 
vention have been disclosed in herein, but the present 
invention is not limited to these disclosures. Further- 
more, the foregoing descriptions of the embodiments 
according to the present invention are provided for illus- 
tration only, and not for the purpose of limiting the inven- 
tion as defined by the appended claims and their equiv- 
alents. In other words, the present invention has been 
described using mainly prescribed embodiments and 
drawings, but, so long as the technical concept and ob- 
ject of the invention are not deviated from, those skilled 
in the art can made various modifications to the previ- 
ously described embodiments regarding shapes, mate- 
rials, numbers of parts, and other specific constituent 
features. Thus, the scope of the invention is not limited 
to the disclosed embodiments. 



Claims 

1 . A rotary drive device comprising: 

a base part; 

a vibrating body provided on the base part, the 
vibrating body including a piezoelectric element 
and an abutting part; and 
a rotating body coupled to the base part to ro- 
tate about a rotational axis, the rotating body 
Including a contact part abutting against the 
abutting part at a position located a prescribed 
distance from the rotational axis, 

the rotating body being rotated by causing the 
abutting part to repetitively press against the con- 
tact part by applying a voltage to the piezoelectric 
body to vibrate the vibrating body, and 

the vibrating body being positioned in a plane 
that Intersects the rotational axis of the rotating 
body, the vibrating body being disposed at least as 
close to the rotational axis as the contact part. 

2. The rotary drive device as recited in claim 1 , where- 
in the abutting part of the vibrating body has a con- 
vex arc shaped free end; and 

the contact part of the rotating body has a cor- 
respondingly concave arc shaped surface for abut- 
ment by the abutting part. 

3. The rotary drive device as recited in claim 1 or 2, 
wherein 

a plurality of the vibrating bodies are arranged 
at equal inten/als along the contact part of the ro- 
tating body; and 



the abutting parts of the vibrating bodies abut 
against the contact part in a substantially radial di- 
rection from the rotational axis. 

5 4. The rotary drive device as recited in claim 1 or 2, 
wherein 

a plurality of the vibrating bodies are arranged 
at equal intervals along the contact part of the ro- 
tating body; and 
10 the abutting parts of the vibrating bodies abut 

against the contact part in a direction generally par- 
allel to the rotational axis. 

5. The rotary drive device as recited in claim 3 or 4, 
IS wherein 

the vibrating bodies are configured and ar- 
ranged to be dnven by a single drive signal. 

6. The rotary drive device as recited in any one of 
20 claims 1 to 6, further comprising 

a pressing force applying member that press- 
es the abutting part of the vibrating body against the 
contact part of the rotating body. 

25 7. The rotary drive device as recited in any one of 
claims 1 to 6, wherein 

the vibrating body is supported by a support 
body that is configured to be advance toward and 
retract away from the rotating body along a pre- 

30 scribed linear direction. 

8. The rotary drive device as recited in claim 6, further 
comprising 

a pressing force adjusting member that ad- 
35 justs a pressing force applied by the pressing force 
applying member. 

9. The rotary drive device as recited in claim 8. where- 
in 

40 the pressing force adjusting member is con- 

figured with a manual adjustment of the pressing 
force. 

10. The rotary drive device as recited in claim 8 ^ where- 
as in 

the pressing force adjusting member is con- 
figured with an automatic adjustment of the press- 
ing force. 

50 11. The rotary drive device as recited in any one of 
claims 8 to 11 , wherein 

the pressing force adjusting device is config- 
ured such that the pressing force of the pressing 
force applying member that presses the abutting 

55 part against the contact part can be adjusted in a 
continuously variable manner. 

12. The rotary drive device as recited in any one of 
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claims 8 to 11. wherein 

a plurality of the pressing force adjusting 
members are provided that are operatively coupled 
to the vibrating body. 

13. The rotary drive device as recited in any one of 
claims 8 to 12, wherein 

a plurality of the vibrating bodies is operatively 
coupled to the pressing force adjusting member. 

14. The rotary drive device as recited in any one of 
claims 1 to 13, wherein 

the base part includes a guide that guides the 
rotating body by abutting against the rotating body. 

15. The rotary drive device as recited in claim 14, 
wherein 

the rotating body Is supported by the abutting 
part and the guide at positions that are a prescribed 
distance from the rotational axis. 

16. The rotary drive device as recited in any one of 
claims 1 to 1 5, wherein the rotating body is arranged 
around the outer circumference of the base part. 

17. The rotary drive device as recited in any one of 
claims 1 to 16, wherein 

the rotating body is configured to be releasa- 
bly attached to and detached from the base part. 

18. The rotary drive device as recited In any one of 
claims 1 to 1 7, wherein 

at least one of the base part and the rotating 
body substantially surrounds the vibrating body to 
form a space around the vibrating body, and 

at least one of the base part and the rotating 
body has a cooling-purpose opening that commu- 
nicates between an outside area of the space and 
an Inside area of the space. 

19. The rotary drive device as recited In any one of 
claims 1 to 18, wherein 

the vibrating body is electrically connected to 
a conductive terminal that is located on a first side 
of the base part that Is opposite to a second side of 
the base part where the vibrating body Is located. 

20. The rotary drive device as recited in any one of 
claims 1 to 1 9, wherein the rotating body has an out- 
er circumferential part configured to transmit power. 

21. The rotary drive device as recited in claim 1 , further 
comprising 

a driving device provided on the base part and 
that drives the vibrating body. 

22. An apparatus provided with a rotary drive device as 
recited in any one of claims 1 to 21 . 



23. A movement drive device comprising: 
a base part; 

5 a vibrating body provided on the base part, the 

vibrating body including a piezoelectric element 
and an abutting part; and 

a movement body including a contact part abut- 
10 ting against the abutting part, 

the movement body being moved by causing 
the abutting part to repetitively press against 
the contact part by applying a voltage to the pi- 
15 ezoelectric body to vibrate the vibrating body. 
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(54) Rotary drive device 

(57) A rotary drive device is configured to be re- 
duced in size while still delivering a prescribed torque. 
The rotary drive device (1) has a base part (4) with a 
vibrating body (2) and a rotating body (101) attached to 
the base part. The vibrating body has at least one pie- 
zoelectric element (22) and an abutting part (23). Spe- 
cifically, the rotating body has a contact part (1 01 A) that 
is positioned at a prescribed distance from the rotational 
center and that is abutted against by the abutting part. 
When voltage is applied to the piezoelectric element, the 
vibrating body vibrates to repetitively press the abutting 
part against the contact part to rotate the rotating body. 
The vibrating body is positioned in a plane that inter- 
sects the rotational axis of the rotating body, and Is dis- 
posed at least as close to the rotational axis of the ro- 
tating body as that of the contact part. 
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1. Claims: 1-4, 6« 12, 14-16, 22, 23 

Rotary drive device of the outer-rotor type comprising one 
or more particularly constructed pressing force adjusting 
members that adjust(s) a pressing force applied by a 
pressing force applying member. 



2. claims: 5,13 

Rotary drive device of the outer-rotor type comprising a 
plurality of vibrating bodies with one comron 
electric-driving device for applying a single drive signal 
to all vibrating bodies or with one coimion pressing-force 
adjusting element operatively coupled to all vibrating 
bodies. 



3. claim: 17 

Rotary drive device of the outer- rotor type wherein the 
rotor is configured to be releasably attached to and 
detached from a base part in order to improve service life. 



4. claim: 18 

Rotary drive device of the outer- rotor type comprising a 
cooling-purpose opening. 



5. claims: 19,21 

Rotary drive device of the outer-rotor type comprising a 
base part on which electrical driving or connecting means 
are provided. 



6. claim: 20 

Rotary drive device of the outer-rotor type wherein the 
rotor has an outer circumferential part configured to 
transmit power 
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